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ABSTRACT 
Following the active fire season of 2000, data from 100 transects established on 
the Bitterroot National Forest and Sula State Forest in west-central Montana 
were investigated to determine post-fire vegetation recovery as influenced by 
slope, aspect, slope shape, position on slope, habitat type group, firegroup, 
differing management history, and fire severity as judged by the overstory, 
understory, and soil. Transects within the Pseudotsuga menziesii habitat type 
series were established in 2001 and resampled in 2003. The post-fire plant 
community was dominated by survivors. Forb and graminoid cover remained 
nearly equal over the two year period, but shrubs and moss both showed 
significant increases in cover. Effects of salvage logging on vegetation within 
areas burned by stand-replacement fire were not significantly different from 
vegetation in areas that were not harvested post-fire. Vegetation in areas that 
were not salvaged displayed less variability in species abundance (high 
evenness) than vegetation in areas that were harvested post-fire. Multiple linear 
regression produced a model employing habitat type group, firegroup, understory 
cover 2001, mean patch size 2001, and overstory severity as the most suitable 
predictors of understory cover. 
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In the summer of 2000 approximately 145,000 ha (356,000 ac) burned in 
wildland fires across the Bitterroot National Forest, Sula State Forest, and private 
ownerships in Montana. National attention focused on this productive forest and 
scenic area when it became the top firefighting priority in the United States. After 
the smoke cleared the Burned Area Emergency Rehabilitation (BAER) team and 
the Montana Department of Natural Resources and Conservation immediately 
went into action to implement practices that would minimize the negative effects 
associated with landscape-level wildland fire events. This included contour tree 
felling, hydromulching, straw applications, and the sowing of Triticum aestivum 
(winter wheat) on Sula State Forest as a cover crop. The intended purpose of 
such treatments is to stabilize soils, reduce erosion potential, and minimize 
surface runoff following snowmelt and rainfall events. 
BAER objectives include establishing soil cover of vegetation and litter 
that heighten infiltration rates if the original soil cover has been consumed, 
applying mitigations to reduce emergency threats to watersheds, and installing 
devices to trap or disperse overland flow, debris, and suspended sediment 
(USDA Forest Service 1993). BAER teams map burn severity for the fire area to 
estimate fire effects on soils and watersheds and thus prioritize emergency 
rehabilitation. Burn severity is evaluated by the effects of fire on soil and 
hydrological properties and processes (Davis and Holbeck 2001). 
Severe fires consume surface organic matter that in an unburned 
ecosystem impedes overland waterflow, reduces raindrop soil displacement, and 
2 
absorbs water. Furthermore, organic ash can have a significant effect on soil 
water infiltration rates by plugging soil nnacropores (DeBano et al. 1998). These 
effects distributed over large proportions of the landscape allow for rapid surface 
runoff during precipitation events that can result in significant soil erosion, stream 
sedimentation, and flooding in primary drainages. 
Fire severity differs from burn severity in much of the literature. Fire 
severity can be judged as the effect of fire on the tree canopy, understory 
vegetation, soil surface organic debris, and mineral soil and includes three 
general categories of classification: low or light severity, moderate or mixed 
severity, and high severity (DeBano et al. 1998). While fire severity usually 
portrays fire effects to the resource of concern such as to the soil or overstory 
tree canopy (DeBano et al. 1998), burn severity is based on the fire effects to soil 
and hydrological functions (Davis and Hoibeck 2001). 
Erosion, hydrological processes, and exotic plant species respond 
differently to increasing levels of fire severity. Numerous questions surround the 
most suitable methods, if any, that should be employed for restoration following a 
wildland fire. With a limited source of restoration funds, priorities must be set to 
satisfy the resource and social objectives. 
Currently, aerial reconnaissance of post-fire forest overstory condition by 
BAER teams is the primary tool for determining burn severity, although some 
level of on-the-ground sampling verifies the aerial observations (Davis and 
Hoibeck 2001). Conversely, the Forest Service advises identifying fire intensity 
through aerial reconnaissance and then creating fire intensity zones (USDA 
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Forest Service 1993). Fire intensity is a quantitative measure tiiat describes tlie 
rate of heat release per unit time per unit length of the linear fire front (Agee 
1993; Davis and Holbeck 2001). The ability to classify fire intensity post-fire has 
resulted in adopting additional measures as indicators of fire intensity. Ash color 
and depth and litter, duff, vegetation, and woody debris consumption are used as 
primary indicators of fire intensity post-fire (USDA Forest Service 1993). 
Essentially, the methodologies are equivalent but the nomenclature differs, as 
Robichaud et al. (2000) clarify in their evaluation of post-fire rehabilitation 
methods. Robichaud et al. (2000) explain the Forest Service BAER methods 
actually measure burn severity rather than fire intensity. 
To differentiate between fire effects on the various resources, fire severity 
can be referred to as the effect on the resource in question including overstory 
severity, understory severity, and soil severity. Empirical observation has 
indicated that understory vegetation recovery can vary significantly within the 
same overstory severity rating in addition to the inherent inaccuracies of 
subjective rankings. In this paper, vegetation recovery is considered to be the 
occupation of burned areas with native plant species. Desirable vegetation 
recovery would possess a density and cover consistent with the potential 
productivity of the site. A comparison study between BAER mapping and 
thematic mapping at 30-m resolution by Normalized Burn Ratio (NBR) 
discovered that BAER maps often miss small-scale patchiness, underestimate 
mixed severity burns, and overestimate high severity burns when compared with 
NBR (Kotliar et al. 2002). 
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While BAER severity maps may satisfy short-term restoration goals 
necessary to identify immediate erosion and hydrological threats, they may not 
be the best indicator of vegetation recovery over the landscape. BAER maps are 
developed to identify immediate threats to soil stability and watershed integrity, 
but not to predict potential native vegetation recovery over the landscape. 
Additional data to supplement existing methods for predicting natural vegetation 
recovery would be useful for professionals involved in post-fire restoration. The 
southern Bitterroot Valley provides a remarkable opportunity as a project location 
because of the large area affected by the 2000 wildland fires that burned the 
diverse topography across the entire fire severity gradient. 
The Bitterroot Valley is located in western Montana nestled between the 







Figure 1. Map of Montana 
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The Bitterroot National Forest (BNF) surrounds the valley like a large horseshoe, 
encompassing both mountain ranges above the wildland/urban interface. The 
Sula State Forest (SSF) is located in the southeastern portion of the valley 
between the privately owned French Basin and Rye Creek to the north. 
The purpose of this study was to investigate post-fire vegetation recovery 
in western Montana by exploring the influence of fire severity, topography, and 
management. The specific research objectives included: 
1. Compare post-fire vegetation patch dynamics and vegetation cover based 
on the influence of independent variables. 
2. Compare post-fire soil severity patch dynamics and vegetation cover 
based on the influence of independent variables. 
3. Compare source and survival strategy of the post-fire plant community. 
4. Compare the effects of salvaged and non-salvaged areas on vegetation 
recovery to determine if there is a significant difference in patch size, high 
soil severity patch size, or understory vegetation cover. 
5. Model plant recovery to determine which independent variables best 
predict understory vegetation cover by the third year post-fire. 
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LITERATURE REVIEW 
Fire History of the Bitterroot Valley 
Historically fire operated as one of the principle disturbance processes 
that stimulate secondary forest succession in the northern Rocky Mountains 
(Arno 1980; Gruell 1983; Stickney 1980). Other sources of disturbance include 
insects, diseases, browsing by wildlife, climatic fluctuations that result in effects 
due to wind, drought, snow, flooding, soil erosion, and landslides, and 
anthropogenic sources including timber harvesting, land clearing, grazing of 
domestic livestock, and the introduction of exotic plant species. 
The interaction of topography, weather, and fuels characteristics (fuel 
loading, vertical and horizontal continuity, size class distribution, and species 
composition) resulted in a variable fire regime and diverse vegetation mosaic 
across the northern Rockies (Arno 1980). Prior to the 1900s major fire years 
burned more acres than at present (Arno 1980; Barrett et al. 1997). However, it 
is suggested that there is a difference in fire intensity, as the extensive large fires 
of the last twenty years are suspected to have burned more acres with a stand-
replacing fire regime in all forest types than historical fires (Hessburg et al. 2000; 
Hessburg and Agee 2003). 
Factors that have contributed to changing coniferous forests and historical 
fire regimes, especially dry forests dominated by Pinus ponderosa (ponderosa 
pine) and Pseudotsuga menziesii (Douglas-fir) have been: removal of Native 
Americans to reservations and therefore cessation of an important ignition 
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source, livestock grazing, selective timber harvests, and fire suppression (Gruell 
1983; Arno 2000; Hessburg and Agee 2003). 
The exact spatial influence of Indian burning on forest, shrubland, and 
grassland patterns cannot be displayed since Native American population 
dynamics were significantly influenced by the introduction of diseases and horses 
well before their cultural practices were documented. In addition, there is no 
period upon which to base non-human influenced fire regimes due to the long 
history of indigenous habitation and aboriginal burning in western Montana 
(Hessburg and Agee 2003). In the Bitterroot Valley, it has been suggested that 
low elevation grasslands and forests were ignited by the Salish Indians to 
improve hunting, sustain open stands conducive to travel, stimulate edible and 
medicinal plant growth, clear campsites, enhance grazing for horses, and for 
communication purposes (Barrett and Arno 1982). 
Upon the arrival of Euro-Americans, grazing of domestic livestock 
commenced as well as the harvest of merchantable timber. Livestock disrupted 
the vegetation continuum by removing the fine fuels that historically carried fire. 
Timber harvesting by homesteaders and the mining, railroad, and timber 
industries had a significant impact on forest structure and composition. Selective 
cutting targeted the large, valuable P. ponderosa that had the easiest access 
adjacent to the valley bottom but also included a significant amount of Larix 
occidentalis (western larch) and the largest P. menziesii (Arno et al. 1995; 
Hessburg and Agee 2003). 
8 
When the fires of 1910 swept through northern Idaho and western 
Montana burning 3.1 million acres, fire suppression was thought necessary to 
protect human life, private property, and the valuable timber commodity (Agee 
1993; Arno and Allison-Bunnell 2002). Flint (1930) captured this sentiment when 
he suggested silviculture as an alternate to fire but cautioned that effective 
forestry would be pre-empted if fire continued to destroy stands before they 
reached rotation age. 
Gruell (1983) summarized the vegetation changes of the northern Roci^ies 
from his series of matched photographs spanning about a century. He 
concluded that historical forests of western Montana had the following 
characteristics: a higher proportion of early successional states, dry forest types 
were open grown, grasslands had significantly less encroachment by shrubs and 
trees, and mature trees intersected with young age classes composed a more 
diverse landscape mosaic maintained by periodic fire. 
Mehringer et al. (1977) performed bog analysis at Lost Trail Pass, near 
the border of Montana and Idaho, just south of the Sula project area. Pine pollen 
dominated the entire pollen record; Pinus albicaulis (whitebark pine) and Pinus 
flexilis (limber pine) pollen were prevalent until 8500 BP (before present) 
whereas Pinus contorta (lodgepole pine) and P. ponderosa dominate the pollen 
record from that point forward. Picea and Abies pollen were present in low but 
constant numbers from 11,000 years BP to present. Artemisia, Pediastrum, 
Botryococcus, Pseudotsuga/Larix, Cyperaceae, and Gramineae were found in 
varying proportions within the pollen record. The charcoal record indicates 
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numerous low to mixed intensity fires from the steady influx of charcoal over the 
entire record, although fires appeared to have been more frequent over the last 
2000 years. 
Karsian (1995) identified four distinct vegetation associations from a pollen 
record for Marys Pond in the Bitterroot Mountains just north of the Bitterroot 
National Forest. The period from 6800 to 6200 years BP was dominated by 
shrubs and forbs. The period from 6200 to 3500 years BP is identified as a 
Pseudotsuga/Larix forest, but Picea and Abies were also present. The 
proportions changed in the next period from 3500 to 2000 years BP as 
represented by a mixed conifer forest with nearly equal proportions of 
Pseudotsuga/Larix, Picea, and Abies. From 2000 years BP to present, the 
dominant vegetation was identified as Abies and to a slightly lesser degree 
Pseudotsuga/Larix, but Picea remained as a component. Pinus, represented by 
P. ponderosa and P. contorta, dominated the entire pollen record. Numerous low 
to moderate intensity fires are indicated by the low, yet constant influx of charcoal 
to the terrestrial pollen record over the 6800-year period. Two significant fire 
events occurred at approximately 4000 and 3300 years BP. 
In a study conducted by Arno et al. (1995) across old-growth ponderosa 
pine/Douglas-fir stands on dry habitat types in the Bitterroot Mountains, a 
historical mean fire interval of 50 years for a 300-year period was found. Habitat 
types include different successional communities that share the same climax 
plant association (Daubenmire 1968). Daubenmire (1968) suggests that 
heterogeneity within the same overstory flora can be detected by investigating 
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minor tree species and understory vegetation. The mean fire interval represents 
an approximation of the mean number of years between fires (Arno and Peterson 
1983; Romme et al. 1980). The old-growth stands displayed a single-story 
structure on the majority of the plots, but when compared to adjacent stands that 
possessed a similar fire history, variable age classes and structures were present 
that maintained a mosaic of structural heterogeneity over the landscape. Only 
one moist site {Abies grandis/Linnaea borealis habitat type) was sampled in the 
Bitterroot Range by Arno et al. (1995). The site had a very short mean fire return 
interval of 13 years which was attributed to the effects of Indian burning within 
this zone (Arno et al. 1995, see also Barrett 1981; Barrett and Arno 1982). 
On the plots that had burned in 1919, P. ponderosa composed a 
significant (greater than 30 percent) portion of the understory. The majority of 
the plots had experienced fire exclusion for the previous century and had a 
significant understory. Ladder fuels, in the form of P. menziesii regeneration, 
occurred on both dry and moist types as well as a significant increase in basal 
area and trees per acre (Arno et al. 1995). P. menziesii is moderately shade 
tolerant and therefore tends to grow in dense thickets without disturbance 
(Fischer and Bradley 1987; Arno 2000). These thickets contribute to higher 
intensity fire by acting as ladder fuels, allowing fire to move from the forest floor 
into the canopy (Fischer and Bradley 1987). 
Gruell (1983) had one photopoint that showed a tremendous increase in 
P. ponderosa cover since the late 1890s: this location coincided with a fire history 
study by Arno (1976) that demonstrated a historical mean fire interval of 10 
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years. Arno's research included the watershed of Tolan Creek, about ten aerial 
miles from the Sula project area. In the dry P. menziesii habitat types located on 
montane slopes, the mean fire-free interval was 16 years (Arno 1976). The 
mean fire-free interval measures the average length of time between consecutive 
fire events for an area of specified size or a given site (Romme et al. 1980). The 
mesic P. menziesii habitat types found on lower subalpine slopes had a mean 
interval of 27 years. 
Research conducted on the Bitterroot Front by Hartwell et al. (2000) 
compared historical versus current forest structure and composition. Their 
results suggest that the most fire resistant species that historically inhabited this 
landscape have been replaced by shade tolerant, less fire resistant species. The 
following comparisons are based on relative basal area. 
In lower elevations (below 5,800 feet) P. ponderosa and L occidentalis 
decreased dramatically. The loss of both of these species is attributed to 
selective harvest of large trees and a century of successful fire suppression that 
has eliminated the occurrence of low intensity, high frequency fires (Arno et al. 
1995; Hartwell et al. 2000). Consequently, shade tolerant P. menziesii increased 
substantially (Hartwell et al. 2000). Although represented by a small proportion 
of the landscape, Abies grandis (grand fir), Abies lasiocarpa (subalpine fir), and 
Picea engelmannii (Engelmann spruce) were not present in 1900 but 
represented a small proportion of the study area in 1995. These species are also 
considered shade tolerant and would increase their range under the same 
conditions that favor P. menziesii. 
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At mid-elevations (5,800 to 6,900 feet) of the Bitterroot Front, some shade 
intolerant serai species have declined due to replacement by shade tolerant 
species that are often the indicated climax overstory species for this zone 
(Hartwell et al. 2000). P. contorta increased which can be attributed to their 
natural ability to prolifically regenerate following the widespread fires of the late 
1800s in addition to regeneration in clearcuts dating from the 1960s through 
1980s. Abies lasiocarpa and Picea engelmannii increased in the project area 
while Larix occidentalis decreased markedly. P. menziesii retained its historic 
proportion. Both Pinus albicaulis and P. ponderosa declined dramatically even 
though they originally represented a small proportion of the historic landscape. 
Both species are considered critical in this forest type for wildlife habitat and 
biological diversity. 
McCune (1983) studied moist habitat types {Abies grandis and Thuja 
plicata) lower subalpine forests on the Bitterroot National Forest, which represent 
a minor proportion of the BNF and discovered the pre-1910 fire cycle was 58 
years compared to the projected current fire cycle of 7,500 years. The fire cycle 
approximates the length of time necessary to burn an area of specified size 
(Romme et al. 1980). Although crude by McCune's own standards, the 
significant difference portrays the effect of fire exclusion. 
Forest Dynamics 
Landscape formation includes three distinct processes: geomorphological 
processes factored over a considerable length of time, trajectories of colonizing 
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organisms, and shorter term disturbances affecting ecosystems (Forman and 
Godron 1986). Structure, function, and change form the important components 
in developing a sense of landscape ecology (Forman and Godron 1986). Spatial 
associations of unique ecosystems comprise the structure and can be further 
reduced to include the organisms and processes operating within the spatial 
juxtaposition of communities. Function characterizes the relationship between 
the spatial components of an ecosystem, specifically the interactions between 
energy flow and biotic and abiotic components. The variation of structure and 
function over time indicates change. 
Important measures of landscape structure are the distribution and size of 
patches (Turner 1989). Patch shape can have important consequences for 
species diversity and abundance (Turner 1989). A small disturbance results in 
small patches, compared to a moderate disturbance that creates multiple 
patches and corridors while a severe disturbance often removes patches and 
corridors and serves to create a more homogeneous landscape (Forman and 
Godron 1986). Heterogeneity of the landscape is maintained by variable 
disturbance intervals and response rates between ecosystems (Forman and 
Godron 1986). The severity and scale of disturbance, including size and 
intensity, determines the effect on the landscape. 
The vegetation mosaic displayed by a landscape is the culmination of prior 
history, edaphic effects, and disturbance regimes (Turner 1989). Landscape 
heterogeneity is heightened when diverse ecosystems compose the mosaic. 
High landscape heterogeneity also influences the disturbance regime. For 
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example, high spatial heterogeneity of stands over a landscape can localize a 
disturbance as compared to a homogeneous landscape in which a broader area 
would be more susceptible (Turner 1989). This is true for disturbances that are 
likely to remain within a community rather than spreading between communities 
(Turner 1989). 
The interaction between fire and vegetation can be visualized with the 
disturbance cycle, by which fire consumes vegetation but the vegetation is 
consumed because its components are flammable or have attributes that make 
them susceptible to burning (Forman and Godron 1986). Resistance is the ability 
of an ecosystem to resist "variation" following a disturbance (Forman and Godron 
1986). Resilience involves the ability to "bounce back" after disturbance (Forman 
and Godron 1986). 
Dispersion refers to the spatial distribution of organisms, especially 
important as colonizers establish in suitable patches (Begon et al. 1996). By 
factoring landscape configuration with dispersion the temporal patterns of 
populations can be discerned (Turner 1989). Spatial arrangement can affect 
species distribution and colonization depending on the various dispersal 
mechanisms species utilize; therefore patch shape and size can affect dispersion 
(Turner 1989; Begon et al. 1996). While measuring density indicates the number 
of individuals in a given area it does not explain the distance between individuals 
and therefore competition (Begon et al. 1996). This distance is important in order 
to understand patch dynamics. 
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A landscape that is represented by a similar proportion of successional 
stages over time is in equilibrium, although individual patches form a shifting 
mosaic within the landscape as they mature (White and Walker 1997). The 
presence of these successional stages signals stability within a landscape (White 
and Walker 1997). 
Diversity appears within vegetation communities because of gradients of 
available resources and the inherent patchy nature of communities. A 
heterogeneous landscape is composed of a mosaic of more specialized 
communities that support organisms suited to the structure and function of that 
community (Begon et al. 1996). Environmental gradients include the effects of 
time and space on elevation, insolation, and moisture and nutrient availability. 
Forest zones in western Montana are influenced by a combination of 
general altitudinal gradients and regional precipitation patterns. They are also 
influenced across the landscape scale by changes in soils, slope, and aspect 
(Pfister et al. 1977). Much of the precipitation that occurs across Idaho and 
Montana originates from Pacific air masses that are slowly depleted of moisture 
by orographic effects as they move in an easterly direction. As a result, northern 
and central Idaho as well as northwestern Montana receives significantly more 
moisture than southern Idaho and central and southern Montana (Owenby et al. 
2005). 
The Inland Northwest can essentially be divided into two regions; the 
moister region supports Thuja plicate (westem redcedar), Tsuga heterophylla 
(western hemlock), A. grandis, and A. lasiocarpa as the climax tree species 
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whereas the dryer region supports P. menziesii and P. ponderosa as the 
dominant climax tree species (Pfister et al. 1977). When local topographic and 
edaphic features are added a complex mosaic of tree species zones emerges, 
with the drought-resistant species occupying the southern and western 
exposures and species adapted to cool moist forests dominating the northem 
and eastern aspects (Pfister et al. 1977). This is then further complicated by 
wildland fires with varying severity and the effects on species with different fire 
resistance or avoidance mechanisms. 
Pseudotsuga Ecosystems 
The Pseudotsuga menziesii habitat type series occupies one of the larger 
forest zones across Montana. In general, southerly slopes that experience a 
greater degree of insolation and frequent fire historically supported a serai 
community dominated by P. ponderosa. Transitioning to northerly slopes with 
higher moisture availability and lower insolation, a mixed conifer stand dominated 
by serai P. ponderosa, L. occidentalis, and differing proportions of P. menziesii or 
A. grandis were supported (Hessburg and Agee 2003). Across much of the 
Inland Northwest this historical condition has been lost and now most stands are 
dominated by a multiple-layered canopy composed of shade tolerant conifers 
regardless of aspect (Hessburg and Agee 2003). Mutch (1970) hypothesized 
that the inherent energy properties that allow species such as P. ponderosa to 
both promote and resist low intensity fires also make them highly flammable. 
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Species that possess a competitive advantage in a frequent fire regime may be 
considered fire dependant (Mutch 1970). 
P. ponderosa reaches its "climatic limits" at about 1650 m (5400 ft) to 
1800 m (5900 ft, Arno et al. 1995). P. ponderosa is well-suited for surviving a 
frequent fire return interval due to its ability to seal wounds with pitch; P. 
menziesii lacks this significant adaptation and tends to develop heartrot from 
repeated exposure to fire (Arno and Peterson 1983; Arno et al. 1995). P. 
ponderosa also exhibits thick heat resistant bark, an open canopy that disperses 
heat, and a deep rooting habit that is not greatly affected by surface fires 
(DeBano et al. 1998; Arno and Allison-Bunnell 2002). P. menziesii on the other 
hand has a dense canopy that tends to trap heat. Serai P. ponderosa stands 
historically displayed a frequent, low intensity fire regime in the northern Rocky 
Mountains, for which it held a competitive advantage over fire-sensitive species 
such as A. grandis, young P. menziesii, and P. engelmannii (Arno 2000). 
Hessburg and Agee (2003) hypothesized that fire exclusion in P. 
ponderosa cover types has removed the numerous small patches that 
heightened stand heterogeneity, thereby promoting increased tree density and 
evenness. A secondary effect from increased tree density and structural 
homogeneity that has been anecdotally noted is a loss of understory vegetation 
and diversity. This loss of diversity across a landscape may have significant 
effects not only on fire behavior but also on vegetation recovery following severe 
fires. The effects of historical fire created a mosaic of various ages of overstory 
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trees on the landscape due to the dynamics of individual mortality and variable 
regeneration (Arno et al. 1995). 
Pseudotsuga menziesii is a moderately shade tolerant conifer that inhabits 
elevations ranging between 600 m (1970 ft) and 2800 m (9170 ft) in the northern 
Rocky Mountains (Habeck and Mutch 1973). P. menziesii can be considered a 
fire tolerant tree along with P. ponderosa and L occidentalis, although the latter 
two species typically occupy serai niches (Daubenmire and Daubenmire 1968; 
Pfister et al. 1977). Thick, corky bark that develops as it matures can insulate P. 
menziesii against low to moderate intensity fires; however, this species tendency 
for dense reproduction under the canopy increases the risk of crown fire (Habeck 
and Mutch 1973). While stratifying dry P. menziesii habitat types, Fischer and 
Bradley (1987) noted that these stands have a propensity to develop 
regeneration thickets in the absence of fire. 
P. menziesii forests displayed a variable fire history, with low to moderate 
intensity surface fires common but stand-replacement fires also occurring when 
weather was conducive for extreme fire behavior with a high rate of spread (Arno 
1980). Mean fire-free intervals of 15 to 30 years are common in P. menziesii 
habitat types (Arno 1980). 
Fire regimes can be characterized by low, mixed, and high severity 
regimes. A low severity regime exhibited a low intensity, high frequency pattern 
with minimal edge and patch size (Agee 1998). Mixed severity regimes are 
essentially a combination of fire intensities occurring at a moderate return interval 
ranging from low intensity surface fire, group torching, and some amount of 
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Stand-replacing fire that created patches of intermediate size and an abundant 
amount of edge (Agee 1998). They have been defined as the landscapes that 
historically experienced between 20 to 70 percent stand-replacing fire with the 
remainder being surface fire (Hessburg 2004). High severity regimes had an 
infrequent fire occurrence that were of moderate to high intensity creating large 
patch sizes with an intermediate amount of edge (Agee 1998). 
In western Montana, a severity gradient can be typified by elevation and 
aspect, with low severity fire often occurring in low elevation forests or on south 
and west aspects and high severity fire common at upper elevations and 
occasionally lower elevations on north and east aspects. By far the greatest 
impact of fire suppression has been the dramatic shift in structure and 
composition with a landscape loss of heterogeneity and a corresponding 
increase in the complexity of the vertical structure of dry forests over the 
landscape (Hessburg and Agee 2003). Fire exclusion has favored a species shift 
to more shade tolerant, but often fire sensitive, species that historically were 
killed during fire events but also has altered stand structure with an increase in 
overstory canopy cover and dominance by conifers (Hessburg and Agee 2003). 
Changes in the disturbance regime are profound and easily recognized at 
both the stand and landscape levels as both spatial and temporal scales have 
been altered. Disturbance processes within dry forest types now affect a larger 
spatial scale than historical disturbances (Hessburg and Agee 2003). Therefore, 
increased spatial disturbance processes and reduced heterogeneity of forest 
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structure and composition at the landscape level have exposed significant areas 
to stand-replacing disturbances (Hessburg and Agee 2003). 
Combined with high amounts of fuel loading created by a century of fire 
exclusion and increases in ladder fuels, the stage has been set for a 
corresponding increase in fire intensity over large areas, as documented in the 
Bitterroot Valley in 2000. As fires in dry forests exceed their historical threshold 
fire intensity, impacts to the ecosystem can be more significant as forest 
resilience declines. Restoration activities following fire therefore may become 
more difficult to implement; however, post-fire effects may potentially be more 
important to evaluate since fire effects can have much more severe 
consequences than historically occurred. 
Fire Effects 
Understanding the processes controlling vegetative community 
development following wildland fire is crucial to understanding how fire, 
succession, and introduced invasive species tie in with management objectives. 
Fire intensity, severity, and frequency determine how fires will affect succession 
(Mutch 1970). 
Lyon and Stickney (1976) initiated the concept that wildland fire is an 
internal disturbance in a dynamic, yet stable system. Although short-term 
vegetation response following fire is somewhat variable, it has been documented 
that the long-term result is predictable due to stability of ecosystems (Lyon and 
Stickney 1976; Forman and Godron 1986; Halpern 1988) assuming post-fire 
21 
events do not occur that significantly change site potential productivity such as 
severe erosion or exclusive invasion by exotic species. Research focusing on 
post-fire plant response indicated that community composition is predictable, but 
the rate of recovery is determined by site specific factors (Lyon and Stickney 
1976; Halpern 1988). However, in an era where the conditions of dry forests 
may be outside the historical range of variation it is prudent to research post-fire 
vegetation recovery to determine the concept of ecosystem stability. 
Vegetation growth following fire is expected from three sources: survivor, 
residual colonizer, and off-site colonizer (Lyon and Stickney 1976; Stickney 
1990). Survivors include plants that were present prior to disturbance. 
Adaptations that allow survival following fire include deep underground stems 
and sprouting from root crowns and rhizomes (Lyon and Stickney 1976; Stickney 
1990). Residual colonizers include species that store seeds on-site in the 
mineral soil or forest floor and serotinous cones found in the tree canopy (Lyon 
and Stickney 1976; Stickney 1990). Off-site colonizers are seeds and fruits 
derived from areas adjacent to the fire that did not burn, often disseminated by 
airborne dispersal and transport by water or animals (Lyon and Stickney 1976; 
Stickney 1990). 
Fire can affect microclimates depending on the amount of understory and 
overstory vegetation consumption (Harvey et al. 1994; DeBano et al. 1998). 
Presence or absence of vegetation changes the amount of solar radiation and 
precipitation reaching the soil surface as well as the potential evapotranspiration. 
Changes in vegetation can also affect snowpack accumulation and melt. 
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Fire effects on soil are generally negligible if the organic horizon is still 
present (Harvey et al. 1994; DeBano et al. 1998). Because the organic horizon 
is generally not consumed, low severity fire affects soils short-term (Harvey et al. 
1994); however, biological, chemical, and physical properties can be altered 
(Harvey et al. 1994; DeBano et al. 1998). Soil fertility realizes short-term 
increases following fire as a flush of nutrients become available; however, the 
rate and amount available are highly dependent on fire severity and duration of 
heating (DeBano et al. 1998). Cation availability is heightened following fire, but 
high intensity fire with a long duration of heat can diminish the soil's cation 
exchange capacity, allowing nutrients to be leached as they are released from 
ash deposits (Harvey et al. 1994; DeBano et al. 1998). Nutrient cycles will 
eventually stabilize after high severity fire depending on cycling rates (Harvey et 
al. 1994). 
In summary, numerous research studies have provided post-fire 
successional data. However, systematic results produced by linking the fire 
severity spectrum, topographical factors, and vegetation response should aid 
professionals. This project focuses on P. menziesii forests in western Montana 
and focuses attention on vegetation recovery as influenced by fire severity. 
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MATERIALS AND METHODS 
Study Location 
The project area is situated in the Laird Creek and Warm Springs Creek 
subwatersheds originating in the Bitterroot Mountains and the Cameron Creek 
subwatershed flowing from the Sapphire Mountains, all tributaries of the East 
Fork of the Bitterroot River drainage in west-central Montana (Figure 2). 
SulB Stale Forest 
Laird creek drainage 
Figure 2. Map of Sula project area 
The Bitterroot Valley has numerous glaciated canyons oriented east to 
west with granitic outcroppings and talus slopes. The geologic materials are 
primarily metasediments (Belt), granitics, and tertiary (Ford et al. 1997). 
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Elevation within the project area ranges between 1450 m (4750 ft) and 
1750 m (5750 ft). This area of the Bitterroot Mountains is a transitional zone 
between maritime and continental air masses. Annual precipitation in Darby, 
Montana is 41 cm (16 inches) and peaks in June with another spike in November 
while the Bitterroot Crest between Montana and Idaho at Twin Lakes receives 
178 cm (70 inches), with the majority falling during winter (Finklin 1983). The 
sample sites were all located at low or mid-elevations that experience 
precipitation patterns more similar to Darby rather than Twin Lakes. 
Twelve study blocks were established within the project area in 2001. 
Eight blocks were resampled in 2003; four blocks were dropped due to 
incomplete and missing data from 2001. Four of the eight blocks were located in 
the Bitterroot Mountains within Sula Ranger District of the Bitterroot National 
Forest (BNF) in the Laird and Warm Springs drainages. The remaining four 
blocks in the Sapphire Mountains were above French Basin in the Cameron 
Creek drainage, with one block on the BNF and three blocks on Sula State 
Forest (SSF). 
All blocks were located within the Pseudotsuga menziesii habitat type 
series (Pfister et al. 1977). Without disturbance, P. menziesii is the indicated 
overstory tree when the stand reaches successional climax, although Pinus 
ponderosa is a frequent and often dominant serai species within this habitat type 
series at this location. 
Plots on the BNF were located in stands that had a broad spectrum of 
past management activities including no past management, thinning treatments, 
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shelterwood, seed tree, and overstory removal harvests. None of the study 
areas on the BNF experienced immediate post-fire salvage harvesting prior to 
the 2001 sampling. Several of the study plots were salvage logged during 2002 
and 2003 prior to their remeasurement in the summer of 2003. 
Study areas on the SSF were adjacent to one of the blocks on the BNF in 
the same elevation and vegetation zone. State forest sample areas also had a 
variable management history prior to the fires of 2000, however, largely 
consisted of unmanaged and commercially thinned stands where all of the 
harvest-generated woody debris was left or placed back into the forest for 
nutrient cycling and coarse woody debris retention objectives. Stands within the 
SSF that experienced stand-replacing crown fire had been salvage logged during 
the winter of 2000 to 2001 on snow-covered ground while the remainder of SSF 
stands were not harvested. 
Data Collection 
Cluster sampling was the chosen sampling method, consisting of blocks 
positioned on the landscape with three plots per block. Four transects were 
nested within each plot. Blocks were approximately one km in length and were 
located where fire had created a mosaic of fire behavior across the landscape. 
Every block contained three plots each representing a different level of overstory 
fire severity evaluated by the amount of crown scorch and overstory tree 
mortality. Low, mixed, and high severity levels were represented by the three 
plots (Table 1). 
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Table 1. Fire severity classes for tree overstory in 2001 
Fire Severity Tree effects 
Low <50% crown scorch 
<20% overstory trees killed 
Mixed >50% crown scorch 
20 - 70% overstory trees killed 
High >70% of trees killed through 
severe scorch or crowns 
consumed by fire 
Surface fire, or low overstory severity fire, is confined to the ground 
surface with minimal direct mortality of overstory trees. A mixed severity fire is a 
fire of low to moderate intensity that is partially lethal to the stand with patches of 
group torching with other areas of tree survival. Stand-replacement fire is of 
moderate to high intensity and kills a majority of the overstory trees through 
direct crown consumption (active crown fire) or lethal scorching from high 
intensity surface fires. Plots were located within each block by pacing the length 
of each of the three representative overstory fire severity classes and locating 
plot center in the middle of the paced distance. Plot centers were established 
and permanently marked in 2001. 
Field data was collected in 2001 and 2003 for each plot and included a 
general plot description along with line intercept sampling and collection of tree 
data. Data collection occurred from May through August in 2001 and during the 
height of the growing season (July and August) in 2003. Plot description 
information (independent variables in data analysis) reported elevation, habitat 
type, aspect, slope, plot position on the slope, vertical and horizontal slope 
shape, overstory severity, and current overstory canopy cover. 
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Plot position refers to the location of the plot in reference to the hillside if it 
were split into three sections (bottom, middle, and top). Vertical and horizontal 
slope shapes refer to slope configuration. Each plot center was surveyed using a 
handheld GPS (Global Positioning System) and also located with distance and 
azimuth from two witness trees. Plots were digitally photographed in order to 
capture fire effects and vegetation changes. 
Current live overstory tree cover for a 400-m^ circular plot was estimated 
from plot center. The presence of insect or disease infestations, noxious weeds, 
and conifer regeneration were also noted as well as obvious past management 
activities. Tree mortality by 2003 of previously live trees was also noted along 
with the cause if it could be ascertained. A complete account of plot descriptions 
for the project area is provided in Appendix A along with explanation of the 
variables in Appendix B. 
A line transect sampling method having a four-point star cluster in cardinal 
directions was used. From plot center vegetation data was collected along four 
transects at 90°, 180°, 270°, and 360° for a length of 15.25 m (50 ft) in each 
direction. The intercept of bare soil and vegetation cover by shrub, forb, or 
graminoid species were recorded to the nearest 0.3-m to profile post-fire plant 
response. The objective of line intercept sampling was to indicate the size and 
percent cover of vegetation patches occurring within each transect to quantify fire 
effects that may have been due to landscape, overstory, or surface fuel 
characteristics. Furthermore, this technique would allow for measuring the 
changes that occurred between 2001 and 2003. 
During the summer of 2001 direct fire effects on the soil surface and 
vegetation cover were used to differentiate each patch. Two years later during 
the summer of 2003, direct fire effects on the soil surface were much less visible 
as fire generated inorganic ash had disappeared in many locations and a greater 
reliance was placed on understory vegetation cover and presence of bare 
mineral soil. The standards were developed for this study based on observations 
of unique, distinct fire severities. 
In 2001, a ranking for soil severity was assigned to each patch based on 
average characteristics that distinguished the unique patches of different burn 
severities observed in the field (Table 2). 
Table 2, Soil severity classes 
Soil severity 
class 
Mineral soil Duff Litter 
Low <5% / linear m 
scorched^ 
<20% / linear m 
consumed 
<20% / linear 
m consumed 
Mixed <20% / linear m 
scorched 
20 - 80% / linear 
m consumed 
>20% / linear 
m consumed 
High >20% / linear m 
scorched 
>80% / linear m 
consumed 
>80% / linear 
m consumed 
^Scorched soil refers to discolored (red or orange) soil 
Fire's effects on soil, referred to as "soil severity" in this paper, is 
essentially a measure of the degree of consumption of the duff and litter layers 
and the visible condition (scorched or not scorched) of the exposed mineral soil 
surface. Rating surface soil severity serves as a proxy for the amount of heat 
flux radiated downward (DeBano et al. 1998). 
29 
Since a major disadvantage of measuring cover involves the changes that 
occur over the growing season and determining whether cover changes are due 
to changes in production or density (Elzinga et al. 1998), vegetative "patches" 
that varied by at least 10 percent cover in 2003 were recorded as explained 
below. Species cover components were then noted for each defined patch. 
A patch of vegetation was defined as a unique combination of species. 
This combination of species exhibited similar proportions of constituent species 
and total vegetation cover throughout the patch. A change in total vegetation 
cover of at least 10 percent or species proportions of the total cover would 
indicate a new patch as well as the presence of bare ground with no vegetation 
cover for a minimum distance of 0.3 m. 
Tree data measurements included species and vigor (live or dead), plus 
diameter at breast height (DBH), average height, and average live crown base 
height for each 12.5-cm DBH class of the standing trees on a 400-m^ circular plot 
(0-1-ac). This information indicated tree mortality directly due to fire in 2001 and 
delayed mortality showing up in 2003 that may have been due to fire effects, 
changes in the local environment, root damage, bark beetles, or other factors. 
All conifer regeneration was noted with a breakpoint diameter for seedlings 
versus saplings of 7.6 cm (3 in). 
Data Analysis 
Overstory severity, habitat type, position on slope, vertical slope shape, 
and horizontal slope shape consisted of ordinal and nominal data that were 
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assigned in tiie field. Aspect, slope, and tree cover, collected as interval data, 
were grouped to yield categorical data. Initial understory severity values were 
assigned through photo interpretation by comparing transect photos. Criteria 
were established by examining the dataset to determine where there was a 
significant change in understory cover that reflected high soil severity effects. 
Understory severity was therefore assigned by the proportion of the plot covered 
by the most severe soil severity rating. These rankings were validated by 
checking the amount of bare ground and understory cover values for each 
transect. 
Dependent variables were calculated using the following methods. Mean 
patch size represents the average patch size per transect. For 2001 data, this 
corresponds to the average size of soil severity patches whereas in 2003 this 
refers to the average size of the vegetation patches per transect. Understory 
cover for each species was calculated by multiplying each patch distance by the 
individual species cover for that patch and then adding these values for each 
transect. This value was then divided by the total transect distance and 
multiplied by 100 percent to yield understory cover of each species per transect. 
Total understory cover per transect included the cumulative total of all species 
cover for that transect. Mean understory cover is the average per transect for the 
population. 
High soil severity patches were identified in 2001 as having a high soil 
severity ranking and total understory cover less than 20 percent. The mean high 
soil severity patch size is the population average for all high soil severity patches 
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per transect. High soil severity patches identified in 2001 were compared to the 
same location along the transect in 2003 in order to determine how the high soil 
severity patches changed over time. 
Statistical analyses were utilized to test hypotheses. All statistical 
analyses were computed using Statistical Program for Social Sciences (SPSS 
version 13.0). For objectives 1 and 2, differences in dependent variables 
between 2001 and 2003 were computed with paired t-tests. Differences in 
dependent variables due to the influence of independent variables were 
individually calculated using one-way analysis of variance (ANOVA) techniques. 
Levene's test of homogeneity of variances was performed for one-way 
ANOVA analyses. If the p-value exceeded 0.05, it was concluded that the 
population variances were homogeneous and the error terms could be pooled. If 
the p-value was less than 0.05, it was concluded that the population variances 
were heterogeneous, the error terms could not be pooled, and multiple 
comparison procedures using Tukey HSD (honestly significant difference) were 
conducted. The outcome of the multiple comparison procedures determined 
which painvise categories of the independent variable were significant. 
For objective 3, descriptive analyses were employed to compare 
vegetation source (survivor, residual colonizer, off-site colonizer) in order to draw 
conclusions regarding community development. 
To satisfy objective 4, differences in the means of the dependent variables 
were calculated using paired t-tests. One-way ANOVA statistics were computed 
to compare the vegetation in areas that were subsequently harvested post-fire to 
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areas that were not salvaged. The program Estimates produced species 
richness estimators and diversity indices (Colwell 2005). The chosen species 
richness estimators were Chao 2 and the incidence-based coverage estimate 
(ICE). Both of these estimators are nonparametric, meaning they are not based 
on a species abundance model that has been fitted to the data (Magurran 2004). 
Based on the research of Chazdon et al. (1998), both ICE and Chao 2 are not 
influenced by a species distribution of moderate patchiness. In addition, these 
two estimators had the best performance of all the species richness estimators 
that were studied (Chazdon et al. 1998). The formula for Chao 2 is (Chao 1987): 
] ^Chaol ~ ^obs + 
where Sobs is the number of species in the sample, Qi refers to the number of 
unique species (occur in only one sample), and Q2 is the number of species that 
occur in two samples. The formula for ICE is (Chazdon et al. 1998): 
[2] 
^ ICE ^ ICE 
where Sfreq refers to the number of common species found in >10 samples, Snfreq 
is the number of infrequent species found in ^10 samples, Qi stands for the 
number of uniques, Cice = 1 - Qi/Nnfreq where Nnfreq is the total occurrences of 
infrequent species, mnfreq is the number of samples with a minimum of one 
infrequent species, and 
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[3] V ice = max 
^ICE i^nfreg 1) i^nfreq) 
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Both ICE and Chao 2 assume sample homogeneity (Chao 2004; 
Magurran 2004). Magurran (2004) further emphasizes that it is inappropriate to 
apply species richness estimators along environmental gradients. Levene's test 
of homogeneity of variances was calculated for vegetation falling within salvaged 
areas and areas that were not salvaged to ensure population variances were 
homogeneous. Within areas that were salvaged, all plots were keyed to the 
Pseudotsuga menziesii/Symphoricarpos albus habitat type. More variation was 
present within the unmanaged areas, with plots in the Pseudotsuga 
menziesii/Symphoricarpos albus habitat type but also having Pseudotsuga 
menziesii/Physocarpus malvaceous, Pseudotsuga menziesHA/accinium 
caespitosum, and Pseudotsuga menziesii/Vaccinium globulare habitat types 
represented. Although differences between the two categories exist, most of the 
variation is between groups rather than within groups. After nonparametric 
estimators were calculated, these estimator means were compared for the 
vegetation on harvested areas versus areas that were not salvaged in 2001 and 
2003 using one-way ANOVA. 
In addition to species richness estimators, two species diversity indices 
were calculated. The formula for the Shannon index is (Magurran 2004): 
[4] W=-Yp>\np,  
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where Pi = rij/N, rii refers to the abundance of the species, and N is the total 
abundance. The Simpson index is calculated as follows (Magurran 2004); 
[5] D = Y 
N { N - \ )  
The reciprocal of D (1/D) is used to express the diversity. 
For objective 5, scatterplots were graphed. Understory cover 2003 was 
used as the dependent variable and each independent variable with interval data 
was graphed. Independent variables with categorical data were superimposed 
with understory cover 2001 (interval data) on the x-axis. The scatterplots were 
analyzed to determine if the distribution was normal and independent, evaluate 
possible interactions between the categorical and interval independent variables, 
and identify outliers. 
Correlation analyses were produced to identify the independent variables 
with significant correlations to the dependent variable. For the independent 
variables having categorical data, the nonparametric correlation coefficient 
Spearman's rho was investigated. Position on slope, vertical slope shape, 
horizontal slope shape, slope, overstory severity, habitat type group, understory 
severity, aspect, pre-fire tree cover, post-fire tree cover, and firegroup were the 
independent variables subjected to nonparametric correlation analysis. Habitat 
type groups lump habitat types composed of similar serai conifer species and 
environmental factors. 
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Firegroups were established by Fischer and Bradley (1987) based on the 
habitat types of western Montana and resulted in lumping habitat types based on 
the natural role of fire in forest succession. Two firegroups are represented in 
the Sula project area. Firegroup 4 includes Pseudotsuga menziesii/Physocarpus 
malvaceous-Calamagrostis rubescens (pinegrass phase of the ninebark climax 
understory) and Pseudotsuga menziesii/ Calamagrostis rubescens-Agropyron 
spicatum (bluebunch wheatgrass phase of the pinegrass climax understory) 
habitat types. The remainder of the habitat types belongs in Firegroup 6. 
Pearson's correlation coefficient was utilized for the independent variables 
composed of interval data. Understory cover 2001, high soil severity mean patch 
size 2001, and mean patch size 2001 were evaluated with parametric correlation 
analysis. After the significant independent variables were identified with 
correlation analyses, stepwise multiple linear regressions were then conducted to 
produce a model that best predicted understory cover in 2003. Independent 
variables with a significant correlation and interaction terms identified in graphing 
scatterplots were explored. Independent variables were entered into the model 
at 0.05 and removed at the 0.10 significance level. After each regression step, 
the significance of each independent variable in the model was verified and 
removed if the p-value exceeded 0.05. 
The best model should produce a high F-statistic (Fc), high coefficient of 
determination (adjusted R^), low standard error of the estimate (SEE), and a p-
value less than 0.05. The F-statistic is associated with the outcome of 
hypothesis testing to determine if there is a linear relationship between the 
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dependent and independent variables for multiple linear regression (Zar 1999). 
The null hypothesis states that all regression coefficients are equal to zero or 
there is no linear relationship between the dependent and independent variables. 
represents the proportion of the variation in the dependent variable that 
is explained by the independent variables. Because the adjusted only 
increases if the independent variable added to the regression equation results in 
an improved fit, it is a more suitable indicator in stepwise regressions (Zar 1999). 
The SEE is a measure of the reliability of the prediction. 
The final step included analyses of the residuals to validate model 
assumptions. The first assumption states that the independent variables are 
fixed and known without error. The second assumption affirms a bivariate 
normal distribution of the dependent and independent variables. The third 
assumption states that the residuals are normally and independently distributed. 
All statistical tests were analyzed at an alpha level of 0.05. A p-value 





Hq: Population mean patch size is equal in 2001 and 2003. 
Hi: Not Ho. 
Ho: Population mean patch size is equal between the classes of each 
independent variable for both sampling years. 
Hi: Not Ho. 
Ho: Population mean understory cover is equal in 2001 and 2003. 
Hi: Not Ho. 
Ho: Population mean understory cover is equal between the classes of 
each independent variable for both sampling years. 
Hi: Not Ho. 
Objective 2 
Ho: Population mean high soil severity patch size is equal in 2001 and 
2003. 
Hi: Not Hq. 
Hq: Population mean high soil severity patch size is equal between the 
classes of each independent variable. 
Hi: Not Ho. 
Objective 3 
Ho: Source and survival strategy are equivalent regardless of stratification. 
Hi: Not Ho. 
Objective 4 
Hq: Population mean patch size and population mean high soil severity 
patch size are equal for vegetation in salvaged versus unsalvaged areas 
in 2001 and 2003. 
Hi: Not Ho. 
Ho: Population mean understory cover is equal for vegetation in salvaged 
versus unsalvaged areas in 2001 and 2003. 
Hi: Not Ho. 
Objective 5 
Ho: Understory cover in 2003 is not a function of post-fire site 
characteristics. 
Hi; Not Ho. 
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RESULTS 
Objective 1. Compare post-fire vegetation patch dynamics and vegetation cover 
based on the influence of independent variables. 
Fire effects include the post-fire physical attributes of overstory vegetation, 
understory vegetation, and soil and were judged by the vegetation response 
when stratified by fire severity and tree cover. The influence of other factors, 
such as topographical variables and vegetation community classifications, were 
also considered. Independent variables were stratified in order to expose 
significant influences on the dependent variables, namely patch size and 
understory cover. Overstory and understory severity are addressed separately. 
The colonization results were stratified by overstory severity, understory 
severity, and habitat type group and reported by species (Appendix C). The 
Pseudotsuga menziesii habitat series in Montana consists of fourteen habitat 
types classified by the dominant understory plant species. Using each habitat 
type encountered in the study represents a more detailed stratification than the 
data have resolution; therefore, plots were stratified as cool/dry and warm/dry 
groups within the P. menziesii series. 
Numerous species showed affinities for certain environmental factors and 
fire effects as demonstrated by successful colonization. For example, in 2003 
Arctostaphylos uva-ursi and Arnica cordifolia had significantly higher cover on 
transects with low overstory and understory severity within the cool/dry habitat 
type group. Physocarpus malvaceous and Rubus parvifiorus had substantially 
higher cover on transects with high overstory severity and low understory 
severity within the cool/dry habitat type group. Xerophyllum tenax and Cirsium 
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arvense had significantly higher coverage on transects that had high overstory 
and understory severity, although C. arvense was more prevalent in the 
warm/dry habitat group and X. tenax was more common in the cool/dry group. 
Mean Patch Size 
Post-fire patch size refers to the mean cross-sectional distance of all 
patches intercepted per transect. Mean patch size was significantly correlated 
with slope, vertical slope shape, position on slope, and post-fire tree cover (Table 
3). 







Post-fire tree cover (%) -0.350 0.001 0.419 0.001 
Slope (%) -0.336 0.001 - -
Vertical slope shape 0.200 0.046 - -
Position on slope - - -0.230 0.021 
Comparisons of mean patch size over the two year period detail 
vegetation changes that occurred between 2001 and 2003 and significant 
independent variables for each sampling year (Table 4). In order to understand 
the relationships between correlations of dependent variables with the hierarchy 
of categorical independent variables, refer to Appendix B where the categories of 
each independent variable are arranged in the order they were coded. 
Patch size among post-fire tree cover classes was significant in 2001 (Fc = 
6.56, df = 2, p<0.002) and 2003 (Fc = 11.71, df = 2, p<0.001). A significant 
difference could be detected between no tree cover and moderate tree cover 
(1-25 percent) and no tree cover and high tree cover (>25 percent) in both 
sampling years. 
Table 4. Mean patch size stratified by independent variables 
Independent variable Category N 
Mean patch size (m) 
2001 2003 A 
Overstory severity Low 32 4.6 2.4 2.1 
Mixed 28 4.9 1.8 3.0 
High 40 7.6 1.8 5.8 
Understory severity Low 44 4.9 2.1 2.7 
Mixed 32 5.2 1.8 3.4 
High 24 8.5 1.8 6.7 
Habitat type group Warm/dry 68 6.1 1.8 4.3 
Cool/dry 32 5.2 2.1 3.0 
Aspect North 16 7.9 1.8 6.1 
Northeast 28 5.5 2.4 3.0 
East 12 4.9 1.8 3.0 
Southeast 16 4.6 1.8 2.7 
South 4 5.5 1.5 4.0 
Southwest 4 6.4 1.8 4.6 
West 8 6.4 1.5 4.9 
Northwest 12 6.1 1.8 4.3 
Slope (%) 0-20 24 7.6 2.1 5.5 
21 -40 44 6.1 2.1 4.0 
41 -60 32 4.3 1.8 2.4 
Position on slope Bottom 20 5.2 2.1 3.0 
Mid-slope 44 4.9 1.8 3.0 
Top 36 7.3 1.8 5.5 
Vertical slope shape Linear 64 5.2 1.8 3.4 
Convex 24 8.5 1.8 6.7 
Undulating 12 4.9 2.1 2.7 
Horizontal slope shape Linear 16 4.6 2.1 2.4 
Concave 44 5.5 1.8 3.7 
Convex 40 6.7 1.8 4.9 
Firegroup 4 20 5.8 2.1 3.7 
6 80 5.8 1.8 4.0 
Pre-fire tree cover (%) 1 - 30% 32 5.4 1.8 3.6 
31 - 45% 32 6.3 2.0 4.3 
>45% 36 5.9 2.1 3.8 
Post-fire tree cover (%) 0 48 7.1 1.6 5.5 
1 - 25% 28 4.9 2.1 2.8 
>25% 24 4.3 2.5 1.8 
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Differences in mean patch size were not significant due to the influence of 
any other independent variable in 2003, including: habitat type group, aspect, 
slope, position on slope, vertical slope shape, horizontal slope shape, firegroup, 
or pre-fire tree cover. Although significant differences were present for some 
independent variables in 2001, including slope (Fc = 6.19, df = 2, p<0.005), 
position on slope (Fc = 4.30, df = 2, p<0.02), and vertical slope shape (Fc = 
8.986, df = 2, p<0.001), this significance was not present by the third year post-
fire. 
Understory Vegetation Cover 
Understory vegetation cover refers to the total average cover per transect 
of understory species. Habitat type group, aspect, position on slope, and tree 
cover proved to have a significant relationship with understory cover (Table 5). 
The changes in understory cover over the three year post-burn period indicate 
the rate of vegetation recovery, including establishment of survivors and residual 
colonizers and recruitment of off-site colonizers (Table 6). 
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Table 6. Mean understory cover stratified by independent variables 
Understory cover (%) 
Independent variable Category N 2001 2003 A 
Overstory severity Low 32 39 41 2 
Mixed 28 31 46 15 
High 40 26 41 15 
Understory severity Low 44 39 45 6 
Mixed 32 25 44 19 
High 24 26 36 10 
Habitat type group Warm/dry 68 28 38 10 
Cool/dry 32 40 52 12 
Aspect North 16 36 51 15 
Northeast 28 36 45 9 
East 12 38 51 13 
Southeast 16 25 30 5 
South 4 32 39 7 
Southwest 4 40 26 -14 
West 8 14 35 21 
Northwest 12 29 47 18 
Slope (%) 0-20 24 34 40 6 
21 -40 44 34 42 8 
41 -60 32 26 45 19 
Position on slope Bottom 20 45 41 -4 
Mid-slope 44 34 48 14 
Top 36 22 37 15 
Vertical slope shape Linear 64 31 42 11 
Convex 24 24 36 12 
Undulating 12 53 56 3 
Horizontal slope shape Linear 16 27 39 12 
Concave 44 35 45 10 
Convex 40 29 41 12 
Firegroup 4 20 34 50 16 
6 80 31 41 10 
Pre-fire tree cover (%) 1 - 30% 32 35 49 14 
31 - 45% 32 31 44 13 
>45% 36 29 35 6 
Post-fire tree cover (%) 0 48 25 41 16 
1 - 25% 28 36 43 7 
>25% 24 40 45 5 
A significant difference existed in mean cover due to habitat type group in 
2001 (Fc = 7.04, df = 1, p<0.01) and 2003 (Fc = 20.08, df = 1, p<0.01). The 
southeast aspect had a significantly different population mean cover in 2003 from 
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the other aspects (Fc = 4 13, df = 7, p<0.002), although no aspect mean was 
significantly different in 2001. In 2003 the southwest aspect had the lowest mean 
cover compared to the other slope exposures and the smallest sample size. 
For position on slope, understory cover on the middle and top of the slope 
were significantly different in 2001 (Fc = 9.21, df = 2, p<0.001) and 2003 
(Fc = 5.19, df = 2, p<0.01). Vertical slope shape had some interesting effects on 
understory cover. In 2001, the difference in population mean cover was 
significant for linear and undulating slopes and convex and undulating slopes 
(Fc = 9-11, df = 2, p<0.001). These same statistical conclusions were valid for 
2003 (Fc = 6.93, df = 2, p<0.01). 
Although pre-fire tree cover had no measurable influence on understory 
cover in 2001, there was a significant difference in understory cover between low 
tree cover (1 - 30 percent) and high tree cover (>45 percent, Fc = 6.61, df = 2, 
p<0-002). Post-fire tree cover proved significant as well in 2001 between areas 
with no tree cover and areas with tree cover greater than 25 percent (Fc = 5.08, 
df = 2, p<0.008) but not in 2003. No significant differences in mean population 
cover as influenced by slope or horizontal slope shape were discovered for 2001 
or 2003. 
Overstory Severity 
Overstory severity was compared to the independent variables to reveal 
significant linear relationships (Table 7). In addition, overstory severity was 
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significantly correlated with understory cover in 2001 (r = -0.262, p<0.01) and 
mean patch size in 2001 (r = 0.348, p<0.001) and 2003 (r = -0.334, p<0.001). 
Table 7. Independent variables correlated with overstory severity 
Independent variable r P 
Slope (%) 
Vertical slope shape 
Pre-fire tree cover (%) 





There was a significant difference in population mean patch size change 
between 2001 and 2003 for all levels of overstory severity (tc = 5.85, 5.64, 8.04 
for low, mixed, and high overstory severity levels, respectively: df = 31, 27, 39; 
p<0.001). There was also a significant difference in mean patch size between 
low and high overstory severity in 2001 (Fc = 8.28, df = 2, p<0.001) and 2003 
(Fc = 6.51,df = 2, p<0.01). 
Essentially no change occurred between population mean vegetation 
cover for low overstory severity between 2001 and 2003. However, vegetation 
cover markedly increased in both mixed and high overstory severity classes over 
the two year period. Mean cover was significantly different for both mixed and 
high overstory severity categories between 2001 and 2003 (tc = -4.28, -5.63 for 
mixed and high overstory severity levels, respectively; df = 27, 39; p<0.001). 
The difference in mean shrub cover and mean forb cover among each 
overstory severity was not significant in 2001 or 2003. In 2001, there was a 
significant difference in mean graminoid cover between low and high overstory 
severity (Fc = 4.765, df = 2, p<0.02). Low overstory severity had a mean 
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graminoid cover of 14.0 percent while the mean for high severity was 7.1 percent 
in 2001. However, there was only a significant difference in mean graminoid 
cover between mixed and high overstory severity in 2003 (Fc = 4.666, df = 2, 
p<0.02). The mean for low overstory severity was 15.4 percent while high 
severity had a mean of 8.9 percent in 2003. Mean moss cover was also 
significant between mixed and high overstory severity transects in 2003 (Fc = 
4.942, df = 2, p<0.01). Mixed overstory severity had a mean cover of 2.0 percent 
for moss compared to 6.4 percent for high overstory severity in 2003. 
Understory Severity 
Independent variables significantly correlated with understory severity are 
presented in Table 8. Although slope and post-fire tree cover were significantly 
correlated with both overstory and understory severity, no other common 
independent variables were found. In addition, understory severity was 
significantly correlated with understory cover in 2001 (r = -0.28, p<0.005) and 
mean patch size in 2001 (r = 0.33, p<0.002) and 2003 (r = -0.26, p<0.01). 
Table 8. Independent variables significantly correlated with understory severity 
Independent variable r P 
Habitat type group 
Horizontal slope shape 
Firegroup 
Slope (%) 








Mean patch size varied greatly when stratified by understory severity. In 
2001, the mean difference between low and high understory severity transects 
and mixed and high understory severity transects was significant (Fc = 11.65, 
df = 2, p<0.001). However, by the third post-fire year a significant difference 
developed between low and mixed understory severity plots (Fc = 4.56, df = 2, 
p<0.013) but the significant mean differences present in 2001 ceased to exist. 
Understory cover of major species having greater than 5 percent cover in 
any severity class was variable and demonstrates the propensity for species to 
flourish with certain fire effects (Table 9). Understory severity classes did not 
significantly influence understory cover in 2003, although there were significant 
differences in mean understory cover between low and mixed and low and high 
understory severity levels in 2001 (Fc = 5.48, df = 2, p<0.01). 
Table 9. Cover of major species by understory severity class 
2001 Coveri {%) 2003 Cover i (%) 
Lifeform Species Low Mixed Higli Low Mixed High 
Shrubs Arctostaphylos uva-ursi 6.0 - A 7.4 - 2.1 
Linnaea borealis 10.8 A - 6.4 A A 
Physocarpus malvaceous 17.2 6.5 - 13.1 8.4 -
Rubus parviflorus - - - 9.6 A -
Spiraea betulifola 5.0 6.6 A 3.9 7.7 3.4 
Symphoricarpos albus 4.2 6.1 3.5 4.5 8.0 4.8 
Vaccinium caespitosum - - - 5.3 - 2.9 
Vaccinium globulare 7.3 A - 6.3 3.1 -
Forbs Arnica cordifolia 11.0 1.9 6.7 10.4 A 2.2 
Centaurea maculosa 14.6 5.5 - 6.8 7.8 3.5 
Cirsium arvense - - - A - 9.0 
Epilobium angustifolium 14.3 10.2 15.9 6.0 6.8 7.3 
Erigeron spp. 21.1 10.3 A 13.5 9.8 3.7 
Verbascum thapsus - - - 3.1 - 5.5 
Xerophyllum tenax 12.0 17.2 12.4 8.1 15.5 21.4 
Graminoids Calamagrostis rubescens 12.1 10.7 10.8 12.4 14.5 8.1 
Moss Moss - - - 7.7 8.3 9.5 
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Objective 2. Compare post-fire soil severity patch dynamics and vegetation 
cover based on the influence of independent variables. 
Soil Severity Patch Size 
Species colonization of high soil severity patches was of great interest. 
High soil severity patches were designated from the 2001 dataset as those 
patches that had high soil severity and total understory cover less than 20 
percent. High soil severity patches were identified in order to track cumulative 
changes over the two year period as indicated by patch size changes. These 
patches identified in 2001 were compared to the same transect locations in 2003. 
If total patch cover was still less than 20 percent in 2003 the patch was still 
considered to qualify as a high soil severity patch. High soil severity patches 
were significantly correlated with mean patch size (r = 0.678, p<0.001) and 
understory cover (r = -0.592, p<0.001) in 2001 and mean patch size (r = 0.420, 
p<0.001) and understory cover (r = -0.469, p<0.001) in 2003 and some 
independent variables (Table 10). 








Position on slope 








The relationship between high soil severity patches and independent 
variables is presented in Table 11. High soil severity mean patch size decreased 
across all overstory severity levels between 2001 and 2003, meaning that as 
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Table 11. High soil severity patches stratified by independent variables 
Independent variable Category 
Hig h soil severity mean patch size (m) 
N 2001 2003 A 
Overstory severity Low 32 4.0 2.1 1.8 
Mixed 28 4.9 1.5 3.4 
High 40 6.4 1.5 4.9 
Understory severity Low 44 3.7 1.8 1.8 
Mixed 32 5.5 1.5 4.0 
High 24 7.6 1.5 6.1 
IHabitat type group Warm/dry 68 5.5 1.8 3.7 
Cool/dry 32 4.3 1.2 3.0 
Aspect North 16 7.3 0.9 6.4 
Northeast 28 4.6 1.8 2.7 
East 12 4.0 1.5 2.4 
Southeast 16 4.6 2.4 2.1 
South 4 5.5 1.2 4.3 
Southwest 4 3.7 2.1 1.5 
West 8 4.6 1.8 2.7 
Northwest 12 7.0 1.2 5.8 
Slope 0 - 20% 24 6.7 1.5 5.2 
21 - 40% 44 5.2 1.8 3.4 
41 - 60% 32 4.3 1.5 2.7 
Position on slope Bottom 20 3.4 1.5 1.8 
Mid-slope 44 4.3 1.5 2.7 
Top 36 7.3 1.8 5.5 
Vertical slope shape Linear 64 4.6 1.5 3.0 
Convex 24 7.9 2.4 5.5 
Undulating 12 3.7 0.6 3.0 
Horizontal slope shape Linear 16 5.5 1.8 3.7 
Concave 44 4.3 1.5 2.7 
Convex 40 6.1 1.5 4.6 
Firegroup 4 20 4.9 1.8 3.0 
6 80 5.2 1.5 3.7 
Pre-fire tree cover (%) 1 - 30% 32 4.4 1.3 3.1 
31 - 45% 32 6.3 1.4 4.9 
>45% 36 5.0 2.1 2.9 
Post-fire tree cover (%) 0 48 6.4 1.4 5.0 
1 - 25% 28 4.3 1.9 2.4 
>25% 24 3.9 1.8 2.1 
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species filled in previously empty spaces after 2001 the total cover of these 
patches was greater than 20 percent in 2003 and no longer qualified under the 
cover criteria. All paired t-tests were significant (tc = 2.85, 4.81, 5.89 for low, 
mixed, and high overstory severity levels, respectively: df = 31, 27, 39; p<0.01). 
Vertical slope shape was the only other significant independent variable 
that influenced high soil severity mean patch size. In 2001, there was a 
significant difference between undulating and convex slopes (Fc = 5.71, df = 2, 
p<0.01) that was also present in 2003 (Fc = 4 77, df = 2, p<0.02). 
Overstory severity, habitat type group, aspect, slope, horizontal slope 
shape, pre-fire tree cover, and post-fire tree cover were all found to have an 
insignificant influence on high soil severity mean patch size in 2003. Understory 
severity (Fc = 5.90, df = 2, p<0.005; low and high understory severity levels 
significant), position on slope (Fc = 7.03, df = 2, p<0.001), and vertical slope 
shape (Fc = 5.71, df = 2, p<0.006) were significant in 2001, although understory 
severity and position on slope lost their significance by 2003 vertical slope shape 
remained significant (Fc = 4 77, df = 2, p<015). 
Vegetation changes in high soil severity patches were explored. Plants 
were classified as new species or expanded species (regardless of vegetation 
source) within the high soil severity patches. New species included plants that 
were not present in the high soil severity patch in 2001 but appeared within that 
patch in 2003. Expanded species consisted of plants that were present in the 
high soil severity patch in 2001 but displayed augmented cover in 2003. 
New Species 
Numerous species appeared In the high soil severity patches by 2003 
(Table 12). The mean change In cover between 2001 and 2003 ranged between 
16 and 23 percent when stratified by overstory severity and between 17 and 22 
percent for understory severity categories. There was no significant difference in 
the mean cover change between low, mixed, and high severity classes for either 
overstory or understory severity. New species on the high soil severity patches 
were mostly survivors with a number of species able to enter a site from off-site 
sources as well as one species (C. maculosa) that can germinate from residual 
seeds stored on the site. 
Expanded Species 
Few species displayed expanded coverage into high soil severity patches 
between 2001 and 2003 (Table 13). These species colonized all levels of 
overstory and understory severity and had a larger Increase on those transects 
with high understory severity. Mean cover change ranged between 14 and 23 
percent when stratified by overstory severity and between 17 and 29 percent for 
understory severity. There was no significant difference in mean cover change 
for overstory or understory severity. In contrast with occupation by new species, 
the expanded species are mostly survivors that are able to expand through 
rhizomes although Epilobium angustifolium can also proliferate from wind-blown 
seed. However, E. angustifolium certainly expanded through rhizomes because 
It was present In 2001. 
Table 12. Colonization occurrence of high soil severity patches by new species in 2003. 
Occurrence (ratio of occurrence for species in new versus total transects per category) and 
mean change (A) in understory cover between 2001 and 2003 are listed for each species. 
Species 
uverstory severity Unci erstory severity 
Low Mixed High Low Mixed High 
Occ. A Occ. A Occ. 1 A Occ. A Occ. A Occ.! A 
Achillea millefolium 9% 13% 14% 14% 10% 1 11% 5% 13% 18% 14% 14% 111% 
Apocynum androsaemifolium 6% 15% 18% 18% ! 5% 18% 18% 17% -
Arnica cordifolia 3% 20% 11% 8% 10% 27% 7% 13% 4% i 5% 14% I 27% 
Berberis repens 6% 5% 14% 13% 18% 21% 5% 18% 21% i 12% 18% 1 20% 
Calamagrostis rubescens 22% 21% 32% 27% 28% 39% 23% ! 24% 36% i 29% 25% ! 40% 
Carex geyeri 13% 20% 21% 9% 33% 22% 14% 1 14% 25% 12% 36% 25% 
Centaurea maculosa 13% 16% 43% 13% 15% 20% 21% 13% 29% 13% 18% 23% 
Epilobium angustifolium 13% 8% 25% 16% 38% 14% 14% 12% 36% 14% 36% 14% 
Erigeron spp. 3% 10% 4% 40% 10% 20% 5% 10% 11% 19% 4% 50% 
Lupinus spp. - - 14% 10% 5% 20% 7% 10% 7% 20% 4% 10% 
Mustard - - 11% 5% 20% 15% 7% 5% - - 29% 15% 
Pseudoroegneria spicata 6% 25% 14% 23% - - 5% 39% 14% 16% - -
Rosa spp. 3% 25% 21% 14% 5% 39% 9% 13% 11% 20% 7% 39% 
Spiraea betulifolia 3% 5% 18% 18% 13% 18% 9% 17% 21% 18% 4% 10% 
Symphoricarpos albus 9% 16% 32% 23% 10% 22% 14% 26% 36% 19% - -
Vaccinium spp. 9% 13% 7% 18% 10% 11% 11% 15% - - 14% 11% 
Xerophyllum tenax 6% 24% 14% 26% 8% 56% 11% 26% 14% 47% - -
Moss 22% 17% 21% 16% 45% 14% 25% 17% 7% 15% 64% 14% 
Mean species cover A 16% 17% 1 23% 17% 18% 22% 
Table 13. Colonization of species with expanded cover in high soil severity patches in 2003. 
Occurrence (ratio of occurrence for species in occupied versus total transects per category) and 
mean change (A) in understory cover between 2001 and 2003 are listed for each species. 
Species 
overstory severity Und erstory severity 
Low Mixed High Low Mixed High 
Occ. 1 A Occ.! A Occ. A Occ. A Occ. A Occ. A 
Calamagrostis rubescens 19% S 30% 32% 1 27% 18% 27% 18% 30% 36% 24% 14% 34% 
Epilobium angustifolium 6% 11% 4% ! 3% 13% 16% 7% 8% 7% 14% 11% 17% 
Spiraea betulifolia 9% 6% 7% 14% 15% 16% 9% 9% 25% 16% - -
Symphoricarpos albus 13% 16% 14%! 9% 15% 26% 7% 12% 29% 15% 11% 34% 
Xerophyllum tenax 6% 30% 7% 18% 15% 29% 9% 24% 7% 30% 14% 29% 
Mean species cover A 19% i 14% 23% 17% 1 20% 29% 
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Objective 3. Compare source and survival strategy of the post-fire plant 
community. 
Vegetation source refers to plants derived from on-site or off-site sources. 
Three survival strategies describe the immediate response following a 
disturbance. On-site species are represented by two forms: survivor and residual 
colonizer. Survivor plants have fire avoidance mechanisms that enable species 
to resprout from the root crown, stolons, or rhizomes. Residual colonizers 
include germinating seeds and fruits that survived the fire through heat resistant 
properties or by being located in fire avoidant sites. Off-site sources include 
seeds and fruits that are transported by wind, animals, or water. On-site sources 
dominated the post-fire community in 2001 and 2003 (Table 14). 
Table 14. Serai origins of species 
No. of species 
Serai origin 2001 2003 
Survivors 24 42 
Root crown 5 9 
Rhizomes 15 29 
Stolons 1 1 
Caudex 3 3 
Residual colonizers 2 5 
Buried seed 1 3 
Fruit 1 2 
Off-site colonizers 5 15 
Light seed 3 12 
Fruit 2 2 
Other 1 
Total 31 62 
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A secondary response to disturbance might further be described by the 
ability of surviving or colonizing plants to proliferate given the opportunity. A 
survivor may be surrounded by unoccupied space for several years following a 
disturbance. The ability to invade this space is dependent on an aggressive 
vegetative or seed production mechanism. Some survivor species may also 
have the ability to produce copious seeds following a fire that qualifies them as 
both survivors and colonizers. 
Shrubs exhibit various survival strategies (Appendix C). Physocarpus 
malvaceous, Symphoricarpos albus, Vaccinium globulare, Spiraea betulifolia, 
Linnaea borealis, and Arctostaphylos uva-ursi had the highest mean cover per 
transect. P. malvaceous resprouts via the root crown and surviving rhizomes 
(Crane et al. 1983; Bradley 1984; Noste and Bushey 1987). S. albus, S. 
betulifolia, V. globulare, L borealis, and A. uva-ursi grow from surviving rhizomes 
(McLean 1969; Lyon and Stickney 1976; Crane et al. 1983; Bradley 1984; Noste 
and Bushey 1987). 
The majority of the forb cover was composed of Centaurea maculosa, 
Epilobium angustifolium. Arnica cordifolia, Fragaria spp., Xerophyllum tenax, 
Apocynum androsaemifolium, and Erigeron spp. C. maculosa is a residual 
colonizer. E. angustifolium, A. cordifolia, X. tenax, Erigeron spp., and A. 
androsaemifolium respond post-fire through surviving rhizomes; furthermore, E. 
angustifolium also enters a site post-fire through dissemination of light seeds that 
are widely disbursed (McLean 1969; Lyon and Stickney 1976; Crane et al. 1983). 
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Fragaria vesca and Fragaria virginiana grow from surviving stolons (McLean 
1969). 
Three species composed the majority of graminoid cover, including Carex 
geyeri, Calamagrostis rubescens, and Pseudoroegneria spicata. All three 
exhibited immediate post-fire colonization through surviving rhizomes (McLean 
1969; Lyon and Stickney 1976; Crane et al. 1983). 
It is important to ascertain where change occurred in the vegetative 
community to understand initial floristics of P. menziesii habitat types following 
fire. Shrub and moss mean population cover increased significantly between 
2001 and 2003 (tc = -6.32, -6.90 for shrubs and moss, respectively; df = 99; 
p<0.001). Mean shrub cover increased from 6 percent in 2001 to 11 percent in 
2003 (Figure 3). 
Lifeform Mean Cover 
Shrubs Forbs Graminoids Moss 
Figure 3. Comparison of mean understory cover 
between 2001 and 2003 by lifeform 
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Moss was virtually absent from the plots in 2001 compared to mean cover of 4 
percent in 2003. Forb and graminoid cover had negligible change over the three 
years. 
The dynamics of noxious weed response following the widespread 
disturbance of 2000 warrants consideration. Cirsium arvense was locally 
abundant on three SSF transects (6.5 percent mean cover) but was absent from 
the remainder of the project area. Centaurea maculosa was absent on the 
majority of SSF sites but did successfully establish itself in a few areas (5.4 
percent mean cover on four transects): however, on BNF transects C. maculosa 
was a frequent species with substantial cover (6.5 percent mean cover on 
twenty-seven transects). Post-fire recovery is certainly related to seed 
availability, but fire severity must also be considered (Table 15). The mean 
increase in C. maculosa of 16 percent on high soil severity patches is of concern. 
This species invaded 23 percent of the high soil severity patches by 2003 where 
it was not present previously. 
Table 15. Noxious weed cover in 2003 by fire severity category 
Noxious weed mean cover 
independent variable C. maculosa C. arvense 
Overstory Severity 
Low 7.9% 1.6% 
Mixed 7.0% -
High 2.9% 9.0% 
Understory Severity 
Low 7.2% 1.6% 
IViixed 5.9% -
Higli 3.0% 9.0% 
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Objective 4. Compare the effects of salvaged and non-salvaged areas on 
vegetation recover/ to determine if there is a significant difference in patch size, 
high soil severity patch size, or understory vegetation cover. 
Areas salvaged on SSF experienced stand-replacing fire and were 
harvested on snow-covered ground the winter following the fire. Soil 
displacement during salvage operations was minimal as indicated by a lack of 
machinery tracks or ruts on the ash-covered mineral soil (elk and deer tracks 
were very abundant). Vegetation on these transects was compared to vegetation 
on high overstory severity transects on the BNF that were not salvaged. There 
was not a significant difference in mean patch size or high soil severity mean 
patch size between vegetation on transects in salvaged versus unsalvaged areas 
in 2001 or 2003 (Table 16). Likewise, population mean understory cover was not 
significantly different between salvaged and unmanaged areas in 2001 or 2003. 
Table 16. Tests performed to compare vegetation in areas that were not 
harvested to those that were harvested post-fire 





Dep. variable Mean patch size (m) 8.2 1.5 7.9 2.1 
Black patch mean size (m) 7.0 1.2 7.0 1.5 
Understory cover (%) 26 45 32 39 
Richness ICE 19.68 28.82 20.63 31.76 
Chao 2 23.88 32.68 23.04 37.12 
Diversity Shannon index 1.82 2.31 1.72 2.2 
Simpson index 5.82 8.32 4-17 6.78 
Evenness Shannon 0.655 0.71 0.621 0.674 
Simpson 0.364 0.32 0.261 0.261 
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Species richness estimators were computed in order to further compare 
vegetation under different management scenarios. The number of species per 
transect represented species richness. Sixteen species were present in both 
unmanaged and salvaged areas in 2001 and twenty-six species were present in 
both in 2003. Species richness estimators were not significantly different 
between vegetation on unmanaged and harvested areas in either 2001 or 2003. 
Refer to Appendix D for additional richness estimate statistics. 
Species diversity indices, including Shannon's index and Simpson's index, 
were also calculated. A diversity index combines richness and evenness in a 
single statistic (Magurran 2004). Shannon's index stresses the richness element 
of diversity while Simpson's index emphasizes evenness (Magurran 2004). 
Evenness measures variability in species abundance; for example, if the 
constituent species in a sample have similar abundance then that sample has 
high evenness. 
There was not a significant difference in the Shannon index in 2001 or 
2003 for vegetation between unmanaged and salvaged areas. However, there 
was a significant difference in the Simpson index for both sampling years 
between vegetation on unmanaged and harvested areas (Fc = 30.54, 41.87 for 
2001 and 2003, respectively: df = 1; p<0.001). 
Due to the significance of the mean Simpson index, evenness was 
calculated for each index. Mean evenness of the Shannon index was not 
significant in either 2001 or 2003, but there was a significant difference in the 
mean evenness value of the Simpson index for vegetation between unmanaged 
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areas and those that had been harvested for both 2001 and 2003 (Fc = 30.54, 
41.87 for 2001 and 2003, respectively: df = 1; p<0.001). 
Objective 5. Model plant recovery to determine vyhich independent variables 
best predict understory vegetation cover by the third year post-fire. 
Numerous independent variables consisted of categorical data, including; 
aspect, overstory severity, understory severity, slope, position on slope, vertical 
slope shape, horizontal slope shape, habitat type group, firegroup, pre-fire tree 
cover, and post-fire tree cover. For the categorical independent variables, 
nonparametric correlation analysis using understory cover 2003 as the 
dependent variable was conducted to yield Spearman's rho. Habitat type group, 
aspect, firegroup, and pre-fire tree cover were all significant variables. 
Independent variables that consisted of interval data included: understory 
cover 2001, mean patch size 2001, and high soil severity mean patch size 2001. 
Parametric correlation analysis using understory cover 2003 as the dependent 
variable yielded values for Pearson's correlation coefficient. Understory cover 
2001, mean patch size 2001, and high soil severity mean patch size 2001 were 
all significant. 
Assumptions regarding the data were tested to ensure there were no 
violations. Scatterplots were graphed for understory cover 2003 (dependent 
variable) versus each interval independent variable in order to validate that the Y 
and X's were normally distributed. For categorical data, scatterplots were 
graphed for understory cover 2003 (dependent variable) versus each categorical 
independent variable superimposed with understory cover 2001 (interval data) on 
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the x-axis. All tests were valid. From the scatterplot results, the following 
interactions were included in regression analyses: understory cover 2001 x 
aspect, understory cover 2001 x habitat type group, understory cover 2001 x 
position on slope, understory cover 2001 x vertical slope shape, understory cover 
2001 X horizontal slope shape, and understory cover 2001 x firegroup. After 
preliminary testing concluded, building a model commenced. 
Multiple linear regressions were conducted through manual stepwise 
regression, where the addition or deletion of each independent variable was 
controlled in order to build a model that possessed the lowest residual sum of 
squares (SS) and fewest independent variables. All interactions were 
insignificant at the 0.05 significance level in regression analyses and did not 
improve the model performance (all displayed lower adjusted R^, lower Fc, and 
higher SEE than the chosen model). The final model had the formula: 
Understory cover 2003 = 43.674 + 10.963Xi + 0.352X2 - 0.231 X3 - 5.424X4 + 3.895X5 
Fc= 18.86, df = 99, p<0.001 
where Xi = habitat type group, X2 = understory cover 2001, X3 = mean patch size 
2001, X4 = firegroup, and X5 = overstory severity. 
This significant model resulted in the highest adjusted coefficient of 
determination (adjusted R^), lowest SEE, and one of the highest Fc. The SEE of 
3.6% is substantially lower than the mean understory cover of 42.6% in 2003. 
Each of the five independent variables were significant at p<0.05. With an 
adjusted R^ of 0.474, approximately 47% of the variation in understory cover was 
explained by the independent variables. The multiple correlation coefficient (R) 
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was 0 708, implying a fairly strong linear association between the dependent and 
independent variables. 
The final step involved residual analysis to ensure that the residuals were 
normally and independently distributed. A histogram, normal probability plot, and 
scatterplot of standardized residuals versus standardized predicted values were 
graphed and a normal, independent residual distribution was validated; however, 
there was a slight v-shaped pattern. A Durbin-Watson statistic of 1.65 indicated 
there was no serial autocorrelation. Tolerance values were all greater than 0.1 
and VIF values were all less than 10 indicating multicollinearity was not present. 
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DISCUSSION 
For the southern Bitterroot area, sonne species demonstrated broad 
ecological amplitude, some occupied narrow amplitude, and others that 
colonized appeared to be accidentals. The vegetation composition of the Sula 
project area in 2003 was composed of 67 percent survivors, 8 percent residual 
colonizers, and 25 percent off-site colonizers. On-site vegetation sources 
therefore provided a combined 75 percent of the post-fire plant composition at 
Sula, similar to post-fire composition of three intensely burned forests in the 
Inland Northwest (Lyon and Stickney 1976). 
The dramatic increase in survivors in 2003 may be attributed to a delayed 
post-fire plant response and time of sampling within the growing season. 
Intuitively, more off-site vegetation sources would be expected in 2003 than in 
2001, but off-site colonizers actually tripled in abundance. It was interesting to 
note the two-fold increase in the number of residual colonizers as well, signaling 
that successful establishment of these species may be delayed for numerous 
years post-fire depending on germination potential and subsequent seedling 
survival as affected by microsites and weather factors. In addition, the site 
continues to have conditions acceptable for germination. 
Stickney (1990) suggests that plants with growing points that are located 
in or adjacent to the mineral soil are most likely to survive a fire that consumes all 
the fine fuels on a site. This helps to explain why species that can survive via 
root crown, caudex, and rhizomes in the mineral soil successfully regenerate 
following severe fire. Mixed and high severity understory fires result in greater 
mortality and the expected abundance of survivors post-fire is substantially less 
than low severity fire (Stickney 1990). 
The behavior and pattern of secondary successional species in the 
southern Bitterroot area are similar to results produced by Stickney (1985) for 
Miller Creek in northwestern Montana. Epilobium angustifolium, Xerophyllum 
tenax, and Calamagrostis rubescens constituted the most abundant non-woody 
species at both locations. An additional species of importance for Sula was 
Centaurea maculosa which appeared frequently on plots with low or mixed 
overstory severity. 
It is important to note that C. maculosa appeared immediately post-fire in 
2001 in some locations, but had a delayed appearance on other transects where 
it did not appear as part of the vegetative community until 2003. Certainly C. 
maculosa functioned as a residual survivor in some areas where buried seeds 
immediately germinated, but in other areas it appears C. maculosa displayed a 
delayed response and possibly originated from another vegetation source such 
as surviving adult plants that had recovered adequately to be included in line 
intercept sampling. 
Herbs (forbs and graminoids) dominated the initial post-fire phase just as 
presented by Stickney (1985); furthermore, it can be inferred from the high shrub 
cover on specific sites in the southern Bitterroot during 2003 that shrubs would 
soon dominate the composition on suitable habitat types which parallels 
vegetation patterns for Miller Creek. 
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Studies that have been conducted on post-fire vegetative recovery show 
considerable variation in plant response. Although understory vegetation cover 
during the first year post-fire (32 percent) was comparable to first year cover for 
an August prescribed fire in central Idaho (27 percent), the Sula cover (43 
percent) was substantially lower in the third year compared to the 69 percent 
cover at Neal Canyon, Idaho (Lyon 1966). This may be due to the prevalence of 
tall shrubs that colonized post-fire in central Idaho (such as Salix scouleriana and 
Acer glabrum) compared to the dominance at Sula by subshrubs and low and 
moderate sized shrub species that tend to contribute lower canopy cover values. 
Shrub recovery was dominated by survivors In both locations. 
Understory cover four years after the Sleeping Child Fire in the Bitterroot 
Valley measured 36 percent (Lyon 1984). This is slightly lower than the mean 
understory cover at Sula three years post-fire calculated at 43 percent. However, 
a large proportion of the Sleeping Child Fire burned as a stand-replacing fire in 
Pinus contorta (Lyon 1984). 
A possible explanation for some of the variability in understory plant 
recovery may stem from differences in soil surface organic matter (duff) 
accumulation. It has been observed in the field that areas with dense tree 
canopies also have a relatively thick deposit of conifer needles on the soil 
surface. This has been well documented on dry Pinus ponderosa sites where 
slow decomposition rates allow needles to accumulate to depths that promote 
severe fire effects (Sackett 1980). 
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On cool and moist Pseudotsuga menziesii habitat types needles also 
accumulate, however the difference in needle composition, litter bulk density, and 
microclimate allows for some needle decomposition that creates a humus layer 
on the soil surface. This layer also has good water holding capacity which may 
result in many of the understory plant species concentrating their root systems in 
these layers. On sites that have such a humus accumulation one would expect a 
severe fire to have a much more drastic effect on understory plants than on less 
productive sites or more recently disturbed sites where the duff layer is either 
insignificant or absent. Plants that have their root systems concentrated in 
mineral soil will have a greater potential for surviving a fire event and thus 
contributing as survivor species. 
Armour et al. (1984) attributed the decline of understory cover in plots that 
had been burned by high intensity fire to the loss of duff through extended 
smoldering. Duff either insulates soil from fire or acts as a heat source that 
projects heat into the mineral soil as the duff smolders and is consumed (DeBano 
et al. 1998). Armour et al. (1984) reported a decline in Fragaria virginiana and 
Berberis repens from high intensity fire as similarly witnessed in the southern 
Bitterroot. However, Armour et al. (1984) cited the propensity for Apocynum 
androsaemifolium and Epilobium angustifolium to colonize high intensity sites; at 
Sula, A. androsaemifolium was successful only in low and mixed severity sites 
while E. angustifolium had similar cover regardless of severity level. While E. 
angustifolium relies on light, wind-blown seed and rhizomes from surviving 
plants, A. androsaemifolium vegetatively spreads through surviving rhizomes. It 
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is possible that areas burned by a high understory severity fire directly innpacted 
the roots of A. androsaemifolium. 
Initial post-fire vegetation on the project area was quite different than that 
following the Sundance Fire in northern Idaho. Stickney's (1986) research 
showed a vegetation composition of 46 percent survivors, 12 percent residual 
colonizers, 20 percent initial off-site colonizers (colonized the first year), and 22 
percent secondary off-site colonizers (arriving two to ten years post-fire). These 
composition differences may be attributed to moist habitat types that dominate 
the Sundance area compared to the dry forest types of Sula. 
Western Montana larch-fir forests subjected to various disturbance 
treatments, including harvests, prescribed fire, and wildland fire responded with 
dramatically higher herb cover as compared to the Sula project area, although 
shrub cover was similar (Stickney 1980). 
Following the Pattee Canyon Fire in western Montana in 1977 a research 
area was established in the post-burn area. Since the majority of the fire area 
was artificially seeded with grasses, only the unseeded stands were compared 
with the Sula project area. For the most part, vegetation cover was higher in the 
Sula transects. Although shrub cover was similar by the third year post-fire with 
approximately 10 percent for each area, shrub cover was initially much higher in 
the Sula project area with 6 percent compared to 3 percent cover at Pattee 
Canyon (Crane et al. 1983). Total herb cover at Pattee Canyon was 
approximately 17 percent in the first year post-fire compared to 25 percent for 
Sula. By the third year, herb cover was 23 percent in Pattee Canyon and 28 
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percent in Sula. The major serai species that colonized the two areas were very 
similar. 
Transects stratified by overstory severity yielded similar mean understory 
cover values three years after the fire. While understory cover decreased with 
increasing overstory severity in 2001, in 2003 the results were quite ambiguous. 
The mean cover values were equal for low and high overstory severity in 2003, 
but mixed severity yielded the highest mean understory cover although the 
difference was not significant. The vegetation composition as well as the rate of 
understory recovery was highly variable between the three overstory severity 
classes (Appendix C). This is an interesting phenomenon because high 
overstory severity created the largest high soil severity patches initially, but the 
lack of overstory competition for light and perhaps water resulted in better 
conditions for understory plant growth. Low overstory severity transects actually 
had the largest high soil severity mean patch size in 2003; therefore, it had the 
greatest amount of patches that still had less than 20 percent cover in 2003. 
Slope, pre-fire tree cover, and post-fire tree cover were negatively 
correlated with overstory severity. The significant negative correlations of 
overstory severity with slope and pre-fire tree cover is an interesting 
phenomenon that generally diverges from widespread fire behavior beliefs. One 
explanation for slope may be due to the fairly flat topography of the Sula State 
Forest; therefore, twenty transects designated as high overstory severity with a 
low degree of slope may have impacted the results. The relationship of pre-fire 
tree cover with overstory severity cannot be easily explained, but most likely 
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indicates that additional parameters were not measured that should have been 
included. The relationship of overstory severity with post-fire tree cover 
illustrates that low overstory severity can be associated with high post-fire tree 
cover whereas high overstory severity generally results in low cover of trees 
post-fire. 
Stratification by understory severity resulted in an expected hierarchy of 
cover. Mean understory cover decreased in 2003 with increasing understory 
severity. Mean cover was similar for mixed and high severity in 2001 and low 
and mixed severity in 2003. This is not surprising, as mixed severity is truly a 
catch-all category that represents a broad range of the severity spectrum with 
highly variable fire effects. As would be expected, there was a substantial 
difference in understory cover between low and high understory severity in 2001 
and 2003, although this difference was only significant in 2001. However, the 
subtle difference in mean cover between understory severity classes in 2003 was 
not significant. Overall, overstory fire severity appears to contribute to the 
understory severity; however, surface and ground fuel consumption may be the 
largest contributing factor, particularly duff consumption. 
Habitat type group, horizontal slope shape, slope, and post-fire tree cover 
were negatively correlated with understory severity. Therefore, the cool/dry 
habitat type group can be associated with lower understory severity than the 
warm/dry group. Although difficult to interpret without pre-fire data, this 
relationship may be due to the interaction of fuel loading and fire behavior. The 
relationship between understory severity and horizontal slope shape is most 
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likely due to fire behavior characteristics. The same conclusions drawn for the 
relationship between overstory severity, slope, and post-fire tree cover could also 
be related to understory severity and these same variables. 
Understory severity was positively correlated with overstory severity. 
Therefore, high understory severity generally indicates high overstory severity. 
An increase in understory severity also indicates an increase in the firegroup 
category: consequently Firegroup 4 would be expected to have lower understory 
severity than Firegroup 6. Firegroup 4 includes the dry habitat types with a 
climax graminoid understory or graminoid phase of a climax shrub understory as 
compared to climax shrub understory common in moister Firegroup 6. Although 
firegroups are based on habitat types, this contradicts the results concluded for 
understory severity with habitat type groups and demonstrates the importance of 
pursuing different vegetation classifications when researching post-fire 
vegetation responses. As noted in Appendix B, the firegroup categories and 
habitat type groups are not equivalent. 
Significant correlations were lacking between overstory severity and 
Independent variables, most likely due to a small sample size that was very 
diverse. Additionally, a small sample size inhibited some of the statistical 
reliability of the data. Understory severity was significantly correlated with few 
independent variables, but the relationship between understory severity and 
vegetation classifications (habitat type groups and firegroups) indicate the impact 
to surface fuels is linked to structure and composition. 
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Although there was a significant correlation between overstory and 
understory severity, the best evidence to truly understand this relationship would 
be offered from pre-fire vegetation and fuel loading data. While surface fuel 
consumption may best predict soil severity, the overstory fire effects are difficult 
to quantify because they are the cumulative effects of understory fuels, overstory 
density, ladder fuels, and weather patterns during the fire. 
The significant increase in shrub and moss cover between 2001 and 2003 
could be a reflection of survival strategies. The post-fire shrubs common in the 
research area typically colonize through surviving root crowns and rhizomes. 
Logically they would have higher cover after three years than in the initial post-
fire year. Moss appeared via off-site spores transported by wind (Crane et al. 
1983), which may eventually contribute to total cover but exhibited a delayed 
response. 
The cool/dry habitat type group had substantially higher cover than the 
warm/dry group. The cool/dry group represents the more productive habitat 
types of the P. menziesii series encountered in this study. Insolation and 
evaporation are generally lower and available moisture higher for the habitat 
types captured in the cool/dry group as compared to the warm/dry group (Pfister 
et al. 1977). The topography of the southern Bitterroot and Sapphire Mountains 
is highly dissected with a notable difference in vegetation with changes in aspect 
and elevation. It was, therefore, not uncommon to encounter the spectrum of P. 
menziesii habitat type series in a 1 -km transect. The implication is that more 
productive sites that recolonize faster may act as seed dissemination sources for 
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less productive sites. One miglit hypothesize that such topographically diverse 
landscapes offer a greater natural vegetation recovery potential than nnore 
homogeneous landscapes that are all in the warm/dry category. 
Understory cover decreased slightly for plots situated at the bottom of the 
slope between 2001 and 2003. There are many possible explanations for this 
trend in the data. A likely reason could be attributed to seasonal changes in 
cover coinciding with transect examination since bottom slope sites outside of 
riparian areas tend to be warmer and thus have more advanced summer plant 
senescence. Although the bottom of the slope had the highest cover in 2001, 
mid-slope had the highest cover in 2003. These cover values may also reflect 
differing fire behavior and intensity due to the influence of topography. Plots 
located at the bottom of the slope are represented almost equally by low and 
high understory severity while mid-slope plots are equally split between low and 
mixed understory severity. Due to the fact that the mid-slope plots had on 
average lower understory severity than plots found at the bottom of the slope, 
understory cover should be higher at mid-slope as is reflected in the third year 
post-fire vegetation cover. 
Plots positioned at the top of the slope had the lowest mean cover in both 
2001 and 2003; these plots represented all levels of understory severity. Upper 
slope locations typically have shallower soils and are thus more subject to 
drought conditions. Lower plant cover and recovery rates may simply be 
reflecting sites with lower potential plant productivity. 
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Sixteen transects were situated with a southeast exposure and had 
significantly lower understory cover than other exposures. All twelve transects 
were classified as having low overstory severity: eight transects were designated 
low understory severity and four transects represented mixed understory 
severity. Although vegetation in the northern Rocky Mountains often displays 
lower cover on southern exposures due to lower available moisture, higher rates 
of evaporation, and higher insolation (Pfister et al. 1977), other factors may also 
have contributed. Since these were low overstory severity sites it would be 
expected that there may have been significant influence from mature tree 
competition. The lack of high understory severity on southern exposures, which 
are noted to have lower plant productivity and thus reduced surface fuel 
accumulations, would support the idea that surface and ground fuels have a 
significant impact on understory fire severity. 
For vertical slope shape, undulating slopes (53 percent cover) were split 
between low and high for both overstory and understory severity categories with 
little area impacted by high soil severity. Linear slopes (31 percent cover) were 
mostly represented by mixed overstory severity, low understory severity, and a 
moderate amount of area classified as high soil severity. Convex slopes (24 
percent cover) were represented by high overstory and understory severity and 
the greatest amount of area designated as high soil severity. 
From the ANOVA tests, it can be concluded that there was not a 
significant difference in species diversity due to the post-fire salvage logging that 
occurred on these sites. Likewise, species richness estimators and the Shannon 
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index tliat described the vegetation found on unmanaged versus salvaged stands 
did not produce any significant statistical tests. Only the Simpson index proved 
to have a significant statistical relationship for vegetation under the different 
management scenarios. Because the Simpson index emphasizes evenness, the 
unmanaged areas had higher diversity in terms of evenness. Although both 
salvaged and unmanaged had the same number of species in both 2001 and 
2003, the vegetation cover in salvaged areas was dominated by a few species 
while the vegetation cover in unmanaged areas was equally split between a 
greater number of species. 
One management BMP (Best Management Practice) applied to some 
portions of the Sula State Forest prior to 2000 was the redistribution of coarse 
woody debris (CWD), or dead woody pieces greater than 3 inches in diameter, 
within units following harvests. Fuel loading ranged between 20 and 30 tons/ac 
of CWD as reported by P.K. Kolb (personal communication, 2005). This amount 
of fuel loading would certainly have impacted fire duration and the amount of 
heat applied to soil (Brown and See 1981; DeBano et al. 1998). Fuel loading of 
this magnitude is quite a bit higher than the average CWD for dry site and moist 
site Pseudotsuga menziesii habitat types (15.9 and 10.0 tons/ac CWD, 
respectively) on national forests found west of the continental divide in Montana 
(Brown and See 1981). 
Cirsium arvense cover was highest in transects with high overstory and 
understory severity levels. Because C. arvense only had appreciable cover on 
the Sula State Forest, it is impossible to determine if this was related to fire 
severity, if the seeds had been introduced during post-fire salvage operations, or 
simply entered the area from adjacent off-site populations. 
This study had both similarities and differences with previous studies. 
Jain and Graham (2004) researched the relationship between fire severity and 
pre-fire forest structure on four national forests in western Montana and 
concluded there was no relationship between pre-fire overstory structure and soil 
severity as found at Sula. Heyerdahl et al. (2001) reported no change of fire 
severity with slope in dry sites of northeastern Oregon, although fire severity did 
vary with aspect on three of the four sites. Although slope was significantly 
correlated with understory and overstory severity, aspect did not significantly 
influence fire severity at Sula. 
Dyrness (1973) discovered understory cover was reliably higher on low 
severity plots in addition to high severity plots having the lowest cover for five 
years following disturbance. Dyrness (1973) noted residual species were 
uncommon on high severity sites; however, Sula was dominated by survivors 
regardless of severity. 
Halpern (1988) demonstrated that post-fire understory vegetation tends to 
return to its pre-fire composition, thus instigated by the overwhelming dominance 
of survivors. The vegetation at Sula certainly appears to be on a trajectory to 
return to its original composition prior to disturbance due to the abundance of 
surviving species in the post-fire community. However, it is impossible to 
conclusively quantify due to lack of pre-fire data. In addition, invasions of off-site 
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species were common and accounted for a substantial increase for two years 
following burning (Halpern 1989) as also witnessed at Sula. 
According to Lyon and Stickney (1976), predicting early successional 
post-fire plant communities depends on having a pre-burn inventory. While this 
data would be desirable, wildland fires do not necessarily occur where adequate 
plant inventories exist. Therefore, to have the ability to predict vegetation 
recovery, noxious weed invasion, and plan for other possible mitigations, it 
appears essential to have criteria upon which to judge fire effects in the P. 
menziesii habitat types of western Montana based on fire severity and 
topography. 
When dissecting the final model, the value of Po (y-intercept) was 
43.674%. Therefore, when all model variables equal zero the value of the y-
intercept is 43.674%. The partial regression coefficients, or the values preceding 
each variable, are designated 3i through Ps. Consequently, the value of Pi is 
10.963 which describes the rate of change of understory cover 2003 as habitat 
type group changes with all other variables held constant (Zar 1999). Each 
partial regression coefficient conveys part of the dependence association (Zar 
1999). Each partial regression coefficient is an estimate of the association 
between understory cover 2003 and the variable in question. The values of Pa 
and P4 are both negative, implying a negative rate of change of understory cover 
2003 as either mean patch size 2001 or firegroup changes and all other variables 
are constant. 
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Habitat type group and firegroup were both highly correlated with 
understory cover, and thus validated the inclusion of these vegetation 
classifications in the final model because they are tied to succession, vegetation 
composition, and community response to disturbance. Understory cover and 
mean patch size data from 2001 were both included in the final model, indicating 
that some amount of field reconnaissance is necessary immediately following the 
fire. 
The significance of overstory severity may be linked to canopy cover and 
therefore the amount of insolation and moisture reaching the soil surface. In 
addition, it should be possible to develop a correlation between overstory cover, 
habitat type group, and soil surface organic accumulations that affect understory 
plant rooting depth, and therefore recovery following wildland fire. 
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SUMMARY 
Mean understory cover in 2001 and 2003 were influenced by habitat type 
group, with the cool/dry habitat type group displaying higher mean understory 
cover than the warm/dry habitat type group in both years. Habitat type group 
was also significantly correlated with understory severity. 
Overstory severity apparently is an important consideration in post-fire 
vegetation response. Mean patch size and high soil severity mean patch size 
were significantly different for overstory severity classes between 2001 and 2003. 
Furthermore, a difference was found in mean patch size between low and high 
and mixed and high overstory severity classes in 2001. Low and mixed overstory 
severities had mean patch sizes of 4.6 and 4.9 m, respectively, while high 
overstory severity had a mean patch size of 7.6 m. In addition, low and high 
overstory severities were significantly different in 2003 with the high overstory 
severity having a lower mean patch size than low overstory severity. Mean 
understory cover between low and high overstory severity was also significant as 
seen in the lower average cover of high overstory severity transects when 
compared to low overstory severity. 
Vertical slope shape influenced high soil severity patches and understory 
cover as well as being significantly correlated with mean patch size. Mean 
understory cover had the lowest value on convex slopes with increasing cover on 
linear and undulating slopes in both 2001 and 2003. High soil severity mean 
patch size had similar results, with convex slopes having the largest mean high 
78 
soil severity patches followed by linear and then undulating slopes for both 
sampling years. 
Understory cover was additionally influenced by aspect and position on 
slope. Southern aspects had the lowest mean cover in 2003. In 2001, mean 
understory cover decreased from the bottom of the slope moving up towards the 
top. In 2003, mid-slope had the highest mean understory cover. For new 
species colonizing high soil severity patches, mean cover change between 2001 
and 2003 was largest for high overstory and understory severity levels and the 
warm/dry habitat type group. 
Survivors dominated the post-fire vegetative community, although residual 
colonizers and off-site colonizers were also present. Although forbs and 
graminoids had negligible change over the three years, cover of shrubs and 
moss increased. Cover of Centaurea maculosa decreased with increasing 
overstory and understory severity levels. Although this noxious weed appears as 
a component of the vegetation on most transects, it appears it most successfully 
colonizes lower severity levels. 
Vegetation did not differ between areas that were subsequently salvage 
logged in stand-replacement sites compared to areas that were not salvaged. 
Although species richness was detemnined to be equal, a difference in evenness 
developed between vegetation in areas that were harvested compared to those 
that were not managed. Essentially, the vegetation cover in salvaged areas was 
dominated by a few species although numerous others were present. When 
79 
compared to vegetation in areas that were not harvested, the total cover was 
more evenly distributed between numerous species. 
It is important to note that the salvage logged sites on Sula State Forest 
may have had more severe fire effects to the soil surface than sites on the 
Bitterroot National Forest with similar fire effects because of the purposefully 
placed large accumulations of coarse woody debris from past harvesting present 
prior to wildland fires of 2000. Plant recovery on salvaged sites may therefore 
represent a broader recovery spectrum due to the high fuel loadings present in 
2000 that may have significantly intensified fires than sites that were used as 
non-salvage logged comparisons. 
Habitat type group, understory cover 2001, mean patch size 2001, 
firegroup, and overstory severity were the variables included in the final model to 
predict understory cover 2003. Because some of these variables involve initial 
post-fire data collection, including mean patch size, understory cover, and 
overstory severity, field sampling appears to be integral in predicting future cover. 
Often habitat types and firegroups are available variables in a database. The 
role soil surface duff accumulations on both understory plant growth and fire 
effects needs to be further examined. 
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Table A1. Scientific and common names of flora in the project area 
Lifeform Scientific name Common name 





































































Lifeform Scientific name Common name 
FORBS 
GRAMINOIDS 
Achillea millefolium common yarrow 
Annual forbs annual forbs 
Anaphalis margaritacea pearly everlasting 
Antennaria spp. pussy-toes 
Apocynum androsaemifolium spreading dogbane 
Arnica cordifolia heartleaf arnica 
Aster conspicuous showy aster 
Balsamorhiza sagittata arrowleaf balsamroot 
Centaurea maculosa spotted knapweed 
Cirsium arvense Canada thistle 
Epilobium angustifolium fireweed 
Erigeron spp. fleabane 
Fragaria vesca wood's strawberry 
Fragaria virginiana strawberry 
Galium spp. bedstraw 
Hieracium spp. hawkweed 
Lupinus spp. lupine 
Mustard mustard 
Osmorhiza chilensis mountain sweet-cicely 
Polygonum spp. knotweed 
Silene menziesii silene 
Smilacina stellata starry Solomon-seal 
Solidago canadensis Canada goldenrod 
Taraxacum spp. dandelion 
Thalictrum occidentale western meadowrue 
Trifolium spp. clover 
Tragopogon spp. salsify 
Verbascum thapsus common mullein 
Xerophyllum tenax beargrass 
Bromus carinatus mountain brome 
Bromus inermis smooth brome 
Carex geyeri elk sedge 
Carex spp. sedge 
Calamagrostis rubescens pinegrass 
Festuca idahoensis Idaho fescue 
Pseudoroegneria spicata bluebunch wheatgrass 
Triticum aestivum winter wheat 
MOSS Moss spp. moss 
Table A2. Plot description 
Habitat Vertical 
Block no., Overstory Understory type Fire Elevation Slope Position slope Horizontal 
Plot no. severity^ severity^ Aspect group^ group (m) (%) on slope shape slope shape 
3,1 1 2 SE W/D 6 1607 49 top linear concave 
5,1 1 1 SE W/D 6 1513 25 top convex concave 
2,1 1 1 SE W/D 6 1669 55 mid linear convex 
9,1 1 1 N W/D 6 1492 32 mid undulating convex 
7,1 1 NE W/D 4 1723 27 mid convex linear 
1,2 1 1 S C/D 6 1730 39 mid linear concave 
6,3 1 1 E C/D 6 1504 7 low linear concave 
4,1 1 1 NW C/D 6 1698 48 mid linear convex 
1,3 2 1 SE W/D 4 1750 42 top linear concave 
3,2 2 E W/D 6 1593 35 top linear concave 
5,2 2 1 SW W/D 6 1510 34 low linear convex 
2,2 2 1 NE W/D 4 1679 59 top linear convex 
7,2 2 2 N W/D 4 1686 47 mid linear concave 
4,2 2 2 NW C/D 6 1716 48 mid linear linear 
1,1 2 1 NE C/D 6 1740 32 top linear convex 
6,2 3 3 NE W/D 6 1504 8 low linear convex 
9,3 3 3 N W/D 6 1472 14 top convex convex 
3,3 3 3 NW W/D 6 1604 20 top linear convex 
4,3 3 2 W W/D 6 1739 55 mid linear linear 
5,3 3 3 W W/D 6 1537 31 top convex concave 
6,1 3 3 NE W/D 6 1493 6 low undulating linear 
9,2 3 3 NE W/D 6 1455 5 low linear concave 
7,3 3 1 NE C/D 4 1708 37 mid undulating concave 
2.4 3 3 N C/D 6 1630 30 mid convex convex 
1,4 3 2 E C/D 6 1729 39 mid convex concave 
Severity codes wliere 1 = low severity, 2 = mixed severity, 3 = high severity 
^Habitat type group codes for Douglas-fir where W/D = Warm/Dry, C/D = Cool/Dry 
^Firegroup codes refer to Fischer and Bradley (1987) 


























3,1 40 35 30 - BB - abundant 34% CEMA 
5,1 50 25 20 - - - - 21% CEMA 
2,1 50 35 35 - BB - moderate 25% CEMA 
9,1 60 50 45 - - - abundant 64% scarce 
7,1 50 30 30 2003 BB - scarce 29% -
1.2 30 25 25 - BB - scarce 39% CEMA 
6,3 35 35 30 2000 BB - abundant 58% CEMA 
4,1 50 50 50 - BB - scarce 58% CEMA 
1,3 20 0 0 - BB - - 40% CEMA 
3,2 45 0 0 - BB root/stem scarce 41% CEMA 
5,2 55 25 10 - - - scarce 26% -
2,2 25 15 15 - - - abundant 53% scarce 
7,2 30 10 10 - BB - moderate 62% -
4,2 45 25 25 2003 BB root/stem scarce 57% CEMA 
1.1 35 25 20 - BB root/stem moderate 46% CEMA 
6,2 25 0 0 2000 BB root/stem moderate 39% CEMA 
9,3 35 0 0 2000 - - scarce 34% -
3,3 70 0 0 - BB - scarce 25% scarce 
4,3 60 0 0 2003 BB - scarce 33% scarce 
5,3 50 0 0 - BB - - 38% CEMA 
6,1 20 0 0 2000 BB - scarce 38% -
9,2 40 0 0 2000 BB - scarce 43% -
7,3 30 0 0 - - - scarce 67% -
2,4 40 0 0 - BB - moderate 42% CIAR 
1.4 30 0 0 - BB - - 53% CIAR 
^Insect activ ty where BB = bark beetle 
^Noxious weed species where CEMA = Centaurea maculosa (spotted knapweed) and CIAR = Cirsium arvense (Canada thistle) 
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'^Agropyron spicatum is now commonly known as Pseudoroegneria spicata 
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Table B2. Independent variable categories 











Position on slope 
Vertical slope shape 
Horizontal slope shape 
Pre-fire tree cover 





SW 202.6° - 247.5° 
W 247.6° - 292.5° 
NW 292.6° - 337.5° 
10 0-20% 
30 21 -40% 











low 1 - 30% 
moderate 31 - 45% 
high >45% 
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moderate 1 - 25% 
high >25% 
scarce 1 - 2 0  s e e d l i n g s  
moderate 21 - 49 seedlings 












Species Survival Strategy and Growth Form 
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Table C1. Survival strategies of species found within project area 
2001 2003 
Off- Off-
Species Survivor Residual site Survivor Residual site 
SHRUBS 
Acer glabrum X 
Amelanchier ainifolia X X 
Arctostaphylos uva-ursi X X 
Berberis repens X X 
Ceanothus velutinus X 
Chimaphila menziesii X 
Chimaphila umbellata X 
Linnaea borealis X X 
Physocarpus malvaceous X X 
Populus tremuloides X 
Prunus virginiana X 
Ribes viscosissimum X X 
Rosa gymnocarpa X X 
Rosa woodsii X X 
Rubusidaeus X X 
Rubus parviflorus X 
Sambucus cerulea X 
Salix scouleriana X X X 
Sheperdia canadensis X 
Spiraea betulifola X X 
Symphoricarpos albus X X 
Vaccinium caespitosum X 
Vaccinium globulare X X 
FORBS 
Achillea millefolium X X 
Annual forbs X 
Anaphalis margaritacea X 
Antennaria spp. X 
Apocynum androsaemifolium X X 
Arnica cordifolia X X X X 
Aster conspicuous X 
Balsamorhiza sagittata X X 
Centaurea maculosa X X X 
Cirsium arvense X 
Epilobium angustifolium X X X 
Erigeron spp. X X 
Fragaria vesca X X 
Fragaria virginiana X X 
Galium spp. X X 
Hieracium spp. X 





Species Survivor Residual site Survivor Residual site 
Osmorhiza chilensis X X 
Polygonum spp. X 
Silene menziesii X X 
Smilacina stellata X 
Solidago canadensis X 
Taraxacum spp. X 
Thalictrum occidentale X 
Trifolium spp. 
Tragopogon spp. X 
Verbascum thapsus 
Xerophyllum tenax X X 
GRAMINOIDS 
Bromus carinatus 
Bromus inermis X X 
Carex geyeri X X 
Carex spp. X 
Calamagrostis rubescens X X 
Festuca idahoensis X X 
Pseudoroegneria spicata X X X 
Triticum aestivum^ 
Moss X 
T. aestivum was seeded on the Sula State Forest 
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Table C2. Understory cover stratified by overstory severity and 
reported by species mean cover 
2001 Cover (%) 2003 Cover| ;%) 
Species Low Mixed High Low lUixed High 
SHRUBS 
Acer glabrum A 
Amelanchier ainifolia A 3.8 A 
Arctostaphylos uva-ursi 7.3 A A 8.1 A 2.1 
Berberis repens 2.1 3.9 2.3 2.2 3.7 2.0 
Ceanothus velutinus A 
Chimaphila menziesii 2.6 
Chimaphila umbellata A 
Linnaea borealis 9.6 25.4 7.3 5.4 A 
Physocarpus malvaceous 3.5 6.5 26.3 8.2 6.6 23.7 
Populus tremuloides A A 
Prunus virginiana A 
Ribes viscosissimum A A A 
Rosa gymnocarpa A 2.4 2.3 A 
Rosa woodsii 4.8 A 1.6 2.1 3.1 2.4 
Rubus idaeus A A 
Rubus parviflorus A 9.6 
Sambucus cerulea A 
Salix scouleriana A A 1.9 4.5 2.4 
Sheperdia canadensis A 1.9 
Spiraea betulifola 4.6 5.7 6.3 3.1 5.6 8.6 
Symphoricarpos albus 4.7 5.4 4.6 4.6 5.8 7.2 
Vaccinium caespitosum 5.3 2.9 
Vaccinium globulare 7.3 A 6.3 3.1 
FORBS 
Achillea millefolium 11.1 7.4 3.0 2.7 4.3 
Annual forbs 2.3 1.5 2.9 
Anaphalis margaritacea A 
Antennaria spp. A A 
Apocynum androsaemifolium A A 2.2 6.7 A 
Arnica cordifolia 13.2 1.9 6.2 17.4 2.0 3.3 
Aster conspicuous 2.2 3.7 
Balsamorhiza sagittata A 6.5 1.7 3.2 
Centaurea maculosa 4.8 13.4 7.9 7.0 3.3 
Cirsium arvense A 9.0 
Epilobium angustifolium 15.4 8.8 15.5 7.2 5.8 6.7 
Erigeron spp. A 10.6 16.8 A 14.7 7.6 
Fragaria vesca 5.2 4.7 1.6 
Fragaria virginiana 7.1 A 2.8 3.8 A 
Galium spp. A A A 
Hieracium spp. A A A 
Lupinus spp. 6.5 3.7 4.7 1.6 2.0 A 
Mustard A 2.8 4.4 
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2001 Cover( :%) 2003 Cover | :%) 
Species Low Mixed High Low •Mixed High 
Osmorhiza chilensis A A 
Polygonum spp. A 
Silene menziesii A 12.2 A A 2.4 1.9 
Smilacina stellate A A 
Solidago canadensis A 
Taraxacum spp. A 2.6 
Thalictrum occidental 1.6 A A 
Trifolium spp. 11.0 A A 
Tragopogon spp. A 
Verbascum thapsus 2.3 4.0 5.5 
Xerophyllum tenax 13.4 13.7 13.5 6.0 10.4 20.7 
GRAMINOIDS 
Bromus carinatus A 
Bromus inermis 4.4 A 
Carex geyeri 7.5 2.2 A 4.6 3.3 3.2 
Carex spp. A A A 
Caiamagrostis rubescens 12.6 11.8 9.8 10.9 17.0 8.8 
Festuca idahoensis 9.7 A 3.0 A A 
Pseudoroegneria spicata 7.9 A 3.4 4.5 1.8 
Triticum aestivum 4.3 4.0 
Moss 9.2 6.2 9.2 
A = accidental (represented by species with mean cover <1% or species with only one 
occurrence) 
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Table C3. Understory cover stratified by understory severity and 
reported by species mean cover 
2001 Cover{ :%) 2003 Cover (%) 
Species Low Mixed High Low Mixed High 
SHRUBS 
Acer glabrum A 
Amelanchier ainifolia A 1.7 4.6 
Arctostaphylos uva-ursi 6.0 A 7.4 2.1 
Berberis repens 3.5 A 2.3 2.7 2.8 2.0 
Ceanothus velutinus A 
Chimaphila menziesii 2.6 
Chimaphila umbellata A 
Linnaea borealis 10.8 A 6.4 A A 
Physocarpus malvaceous 17.2 6.5 13.1 8.4 
Populus tremuloides A A 
Prunus virginiana A 
Ribes viscosissimum A A A 
Rosa gymnocarpa A 2.9 1.3 A 
Rosa woodsii 4.8 A 1.6 2.2 2.8 2.8 
Rubus idaeus A A 
Rubus parviflorus 9.6 A 
Sambucus cerulea A 
Salix scouleriana 1.6 2.9 A 2.4 
Sheperdia canadensis A A 1.5 
Spiraea betulifola 5.0 6.6 A 3.9 7.7 3.4 
Symphoricarpos albus 4.2 6.1 3.5 4.5 8.0 4.8 
Vaccinium caespitosum 5.3 2.9 
Vaccinium globulare 7.3 A 6.3 3.1 
FORBS 
Achillea millefolium A A 7.4 2.6 3.2 4.3 
Annual forbs 1.9 1.3 3.2 
Anaphalis margaritacea A 
Antennaria spp. A A 
Apocynum androsaemifolium 9.9 3.6 A 3.2 6.3 A 
Arnica cordifolia 11.0 1.9 6.7 10.4 A 2.2 
Aster conspicuous 2.2 3.7 
Balsamorhiza sagittata A 6.5 2.0 2.9 
Centaurea maculosa 14.6 5.5 6.8 7.8 3.5 
Cirsium arvense A 9.0 
Epilobium angustifolium 14.3 10.2 15.9 6.0 6.8 7.3 
Erigeron spp. 21.1 10.3 A 13.5 9.8 3.7 
Fragaria vesca 5.2 2.9 A 
Fragaria virginiana 7.1 A 3.1 3.2 A 
Galium spp. A A 
Hieracium spp. A A A 
Lupinus spp. 3.1 5.6 4.7 2.0 2.4 A 
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2001 Cover( :%) 2003 Cover( :%) 
Species Low Mixed High Low IVIixed High 
Mustard 2.6 A 4.6 
Osmorhiza chilensis A A 
Polygonum spp. A 
Silene menziesii 9.8 A 2.7 2.2 1.9 
Smilacina stellata A A 
Solidago canadensis A 
Taraxacum spp. A 2.6 
Thalictrum occidentale 1.6 A 
Trifolium spp. 11.0 A A 
Tragopogon spp. A 
Verbascum thapsus 3.1 5.5 
Xerophyllum tenax 12.0 17.2 12.4 8.1 15.5 21 4 
GRAMINOIDS 
Bromus carinatus A 
Bromus inermis 4.4 A A 
Carex geyeri 5.5 A A 4.1 2.3 3.7 
Carex spp. A A 
Calamagrostis rubescens 12.1 10.7 10.8 12.4 14.5 8.1 
Festuca idahoensis 11.3 2.9 2.9 A A 
Pseudoroegneria spicata 6.0 4.4 2.9 A 
Triticum aestivum 4.3 4.0 
Moss 7.7 8.3 9.5 
A = accidental (represented by species with mean cover <1% or species with only one 
occurrence) 
102 
Table C4. Understory cover stratified by habitat type group and 
reported by species mean cover 
2001 Cover (%) 2003 Cover (%) 
Species W/D C/D W/D C/D 
SHRUBS 
Acer glabrum A 
Amelanchier ainifolia A 3.9 A 
Arctostaphylos uva-ursi 3.8 6.3 2.8 8.1 
Berberis repens 2.8 A 2.5 2.4 
Ceanothus velutinus A 
Chimaphila menziesii 2.6 
Chimaphila umbellata A 
Linnaea borealis A 14.1 1.7 7.2 
Physocarpus malvaceous 6.5 17.2 6.6 15.9 
Populus tremuloides A 
Prunus virginiana A 
Ribes viscosissimum A A 
Rosa gymnocarpa A 2.1 2.9 
Rosa woodsii 1.5 4.8 2.8 1.8 
Rubus idaeus A A 
Rubus parviflorus A 9.6 
Sambucus cerulea A 
Salix scouleriana 1.6 2.6 2.8 
Sheperdia canadensis 1.9 
Spiraea betulifola 4.7 5.9 4.5 6.1 
Symphoricarpos albus 4.7 5.1 6.1 5.1 
Vaccinium caespitosum 3.9 
Vaccinium globulare A 7.3 3.2 5.4 
FORBS 
Achillea millefolium 8.9 3.6 2.6 
Annual forbs 2.2 2.1 
Anaphalis margaritacea A 
Antennaria spp. A A 
Apocynum androsaemifolium 6.6 A 4.7 4.5 
Arnica cordifolia 4.5 11.1 A 8.1 
Aster conspicuous 2.8 
Balsamorhiza sagittate 5.8 2.6 A 
Centaurea maculosa 6.9 18.7 6.2 7.9 
Cirsium arvense 9.0 A 
Epilobium angustifolium 15.1 11.7 7.6 4.3 
Erigeron spp. 9.2 21.1 8.7 10.5 
Fragaria vesca 5.2 3.3 1.4 
Fragaria virginiana A 5.6 A 3.4 
Galium spp. 2.0 A 
Hieracium spp. A A 
Lupinus spp. 4.6 2.2 A 
103 
2001 Cover (%) 2003 Cover (%) 
Species W/D C/D W/D C/D 
Mustard 4.2 A 
Osmorhiza chilensis A A 
Polygonum spp. A 
Silene menziesii 10.0 2.2 2.3 
Smilacina stellata A 
SoUdago canadensis A 
Taraxacum spp. 2.6 
Thalictrum occidentale 2.0 
Trifolium spp. A 11.0 A 
Tragopogon spp. A 
Verbascum thapsus 4.3 A 
Xerophyllum tenax 13.5 13.1 
GRAMINOIDS 
Bromus carinatus A 
Bromus inermis 4.4 A 
Carex geyeri 6.9 2.4 4.0 2.9 
Carex spp. A 
Calamagrostis rubescens 12.0 10.2 12.0 11.6 
Festuca idahoensis 7.0 A 2.9 A 
Pseudoroegneria spicata 6.0 3.5 
Triticum aestivum 4.3 4.0 
Moss 9.3 6.6 
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Table D1. Species richness estimators for vegetation in 


















1 4.20 3.80 4.20 2.50 17.41 2.67 
2 12.86 8.72 9.60 4.91 42.05 6.99 
3 16.15 13.89 11.41 6.05 47.65 7.89 
4 21.12 23.64 14.69 7.85 56.26 9.38 
5 17.55 13.94 15.37 8.47 60.35 9.95 
6 21.78 22.84 19.08 10.32 69.51 11.64 
7 18.63 10.99 18.25 10.61 65.33 10.62 
8 19.42 9.09 20.15 11.81 68.30 11.12 
9 19.33 7.42 20.28 12.10 70.59 11.36 
10 20.16 7.10 21.43 12.69 74.68 12.08 
11 21.44 7.03 23.24 13.47 81.91 13.38 
12 21.37 7.04 25.21 13.99 94.72 15.67 
13 22.57 6.81 27.42 14.79 106.34 17.75 
14 23.36 6.89 29.52 15.37 118.90 20.03 
15 25.23 6.64 32.65 16.40 133.53 22.74 
16 24.31 5.84 32.85 16.47 138.36 23.47 
17 25.10 4.32 35.72 17.40 152.96 26.13 
18 26.06 3.52 40.44 18.43 183.60 31.74 
19 26.90 2.48 44.83 19.27 213.97 37.28 
20 27.74 0.02 47.00 19.84 226.58 39.60 
Table D2. Species richness estimators for vegetation 


















1 12.29 11.35 12.29 5.91 43.48 7.67 
2 24.52 20.77 15.25 7.83 63.13 10.62 
3 19.61 12.09 15.43 9.10 57.57 9.25 
4 17.01 6.00 16.75 10.22 60.27 9.55 
5 18.07 6.24 18.90 11.36 67.53 10.81 
6 17.54 4.96 18.38 11.86 60.60 9.37 
7 17.92 5.28 19.73 12.62 66.86 10.37 
8 18.61 4.24 21.10 13.36 72.16 11.25 
9 19.67 4.16 22.51 14.19 76.59 11.98 
10 20.35 4.55 23.13 14.92 74.18 11.48 
11 21.27 3.53 25.34 15.64 88.31 13.97 
12 21.66 2.73 25.84 16.16 87.28 13.74 
13 21.99 2.42 28.07 16.79 99.57 15.99 
14 22.32 2.09 30.69 17.69 111.16 18.14 
15 23.19 1.57 32.90 18.74 113.36 18.72 
16 24.60 35.69 20.79 96.99 16.27 
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Table D3. Species richness estlnnators for vegetation in 


















1 21.21 14.32 21.21 9.61 69.82 12.74 
2 39.90 36.64 24.49 12.02 95.96 16.58 
3 29.35 16.38 25.72 14.38 89.51 14.92 
4 26.12 9.33 26.16 16.49 75.91 12.04 
5 25.44 8.52 27.42 18.03 74.35 11.48 
6 25.87 6.62 29.92 19.34 87.32 13.59 
7 25.37 5.69 28.82 19.64 78.91 11.85 
8 25.28 4.80 25.41 19.70 54.29 7.04 
9 25.58 4.48 25.78 20.55 53.31 6.60 
10 26.21 4.32 26.55 21.31 54.03 6.61 
11 26.85 4.09 27.59 22.09 57.91 7.15 
12 26.68 3.76 27.29 22.33 54.26 6.40 
13 26.91 3.61 27.73 22.80 54.88 6.41 
14 27.55 3.94 31.35 23.86 74.60 10.01 
15 28.15 3.23 33.76 24.76 85.59 12.01 
16 28.69 2.88 38.12 26.02 108.60 16.25 
17 28.77 2.85 42.13 26.87 135.23 21.09 
18 29.08 2.67 45.29 27.97 145.96 23.21 
19 29.26 2.24 48.07 29.10 150.00 24.17 
20 30.62 51.60 32.03 125.71 20.37 
Table D4. Species richness estimators for vegetation 


















1 26.69 11.70 26.69 11.90 85.51 15.80 
2 39.21 22.57 24.47 12.97 83.71 14.32 
3 29.54 10.86 26.31 15.35 83.65 13.80 
4 27.62 10.03 29.72 17.46 97.10 15.91 
5 28.53 8.54 31.21 19.39 91.98 14.72 
6 29.51 8.20 33.36 21.23 91.29 14.43 
7 30.81 8.91 37.34 22.91 109.53 17.65 
8 31.05 8.73 39.04 23.66 120.69 19.51 
9 32.18 8.32 36.89 24.22 98.94 15.32 
10 32.99 7.76 37.86 25.00 100.27 15.47 
11 33.84 6.87 40.86 26.08 118.19 18.60 
12 35.01 6.53 46.07 27.69 143.83 23.36 
13 36.81 4.94 48.94 29.10 153.39 25.06 
14 37.71 4.05 50.90 30.04 160.31 26.29 
15 39.06 2.88 54.67 31.31 175.69 29.22 
16 39.59 0.00 56.25 32.31 171.13 28.64 
